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Two parts—Part 1 (AWWA Directory is Part 2): 


WATER SUPPLY RESEARCH 
Allen, Berry, Faber, Larson 
UTILITY MANAGER RESPONSIBILITIES 
Seeger 


USE OF AERIAL PHOTOGRAPHY 
Staub, Bollinger 


REVISION OF METER STANDARD 
Committee Report 


USE OF HIGH-TENSILE STEELS 


Price, Jackson 
CORROSION TESTS WITH HOT WATERS 


Guest 


SUBMERSIBLE WELL PUMPS 
Erickson 

WATER QUALITY STANDARDS 
Derby, Hopkins, Gullans, Baylis, 
Bean, Maloney 


TREATMENT PLANT INNOVATIONS 
Schworm, Janson 
SUGGESTED METHOD FOR SELENIUM DETERMINATION 
Magin, Thatcher, Rettig, Levine 


RADIAL COLLECTOR WELLS 


Focusing on the future— Gidley, Millar 


Willing Water GROUND WATER CONTAMINATION 
takes a close look Task Group Report 
DEVELOPMENTS IN ARTIFICIAL RECHARGE 
Task Group Report 
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PUT ALL THESE FEATURES IN 
ONE HYDRANT AND YOU HAVE A 


MATHEWS 


A dry-head hydrant; adjustable nozzle 
levels; replaceable barrel—three of many 
major features that help make Mathews 
the one hydrant for sound community pro- 
tection. The Mathews is designed to be 
always operable, always dependable, al- 
ways ready to deliver at full pressure. 


esTOP NUT PREVENTS STEM FROM 
BUCKLING. The heavy bronze stup nut halts 
the downward travel of the stem just before the 
lower end touches the bottom of the elbow. 
This prevents any buckling stress on the stem 
when excessive pressure is put on the open- 
ing wrench. 


AND ALL THESE OTHER FEA- 
TURES, TOO: All working parts con- 
tained in replaceable barrel * Head 
can be faced in any direction ¢ Re- 
placeable head * Any nozzle you spe- 
cify * Nozzle levels raised or lowered 
without excavating * Leakproof be- 
cause stuffing box is cast integral with 
nozzle section * Operating thread only 
part requiring lubrication * Protection 
case of “Sand-Spun” cast iron for 
strength, toughness, elasticity * Avail- 
able with bell, mechanical joint or 
flange pipe connections. 


Conform to latest AWWA specifications 


R. D. WOOD COMPANY 


Public Ledger Building, Independence Square, Philadeiphia 5, Pa. 


Manufacturers also of Mathews Flange Barrel Hydrants, R. D. Wood Hydrants, 
R. D. Wood Gate Valves, and “Sand-Spun” Pipe (centrifugally cast in sand molds) 
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Two Parts Part 2 is 
PART 1 Contents AWWA Directory 


Progress in Water Supply Research 
Organization and Activities of the British Water Research Association 
Ronatp G. ALLEN 
Research in the United States 
Proposal for AWWA Sponsorship of Research 
Duties and Responsibilities of the Water Utility Manager 
Use of Aerial Photography for Preparation of Distribution System Maps 
WitiraM S. Straus & Cramer G. BOLLINGER 
Progress in Revision of the Positive-Displacement Meter Standard 
CoMMITTEE REPORT 
Reprints Available 
Use of High-Tensile Steels 
H. Artuur Price 
James O. JACKSON 
Apparatus for Corrosion Tests With Hot Municipal Waters.......... Rex M. Guest 
Submersible Water Well Pumps Ciaup R. Erickson 
Water Quality Standards 
Introduction Ray L. Dersy 
New USPHS Standards...... Omar C. Hopkins & Oscar GULLANS 
Operator’s Viewpoint Joun R. Bayuis 
Need for Professional Standard E:twoop L. BEAN 
Legal Viewpoint Frank E. MALONEY 
Low-Temperature Liquid Lime Slaking at Howard Bend Treatment Plant 
B. ScHworm 
Handling of Phosphates at Torresdale Treatment Plant Vincent B. JANSON 
Suggested Modified Method for Colorimetric Determination of Selenium in Natural 
Gerorce B. Macin Jr., Letanp L. TuatcHer, SHir_tey Rettic 
& Harry Levine 
Performance Records of Radial Collector Wells in the Ohio River Valley 
H Giptey & H. MILLAR 
Survey of Ground Water Contamination and Waste Disposal Practices 
Task Group Report 
Developments in Artificial Ground Water Recharge in the United States 
Task Group Report 


Departments 
Officers and Directors 2 P&R 
Coming Meetings 
Percolation and Runoff 


Raymonp J. Faust, Secretary Eric F. Jonnson, Director of Publications 

LAWRENCE Farser, Managing Editor Rosert A. Nye, Production Manager 

Arne E. Gusrup, Associate Editor Mirton Horowitz, Assistant Editor 
Journal AWWA is published monthly at Prince & Lemon Sts., Lancaster, Pa., by the Am. Water Works Assn., 
Inc., 2 Park Ave., New York 16, N.Y. Second-class postage paid at Lancaster, Pa. Authorized Aug. 6, 1918. 
$8.00 of members’ dues are applied as a subscription to the JourNaL; additional single copies—85 cents. Indexed 
annually in December; and regularly by Industrial Arts Index and Engineering Index. Microfilm edition (for 
Journat subscribers only) by University Microfilms, Ann Arbor, Mich. 


© 196%, by the American Water Works Association, Inc. Made ‘n U.S.A. 
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LOCK JOINTS FLEXIBLE TIED JOINT * 


FIELD WELD (LENGTH DEPENDING ON THRUST) CYLINDER THICKNESS 
CALCULATED TO RESIST FULL 


GROUT WHEN JOINT IN FINAL POSITION AXIAL THRUST, OR REINFORCED 
WITH LONGITUDINALS IF 
NECESSARY 


COATING THICKNESS 


(WATER SEAL) 


RUBBER & STEEL FLEXIBLE TIED JOINT 


SECURE...FLEXIBLE...WATERTIGHT 


Lock Joint Pipe Company, pioneer in the development of efficient, 

flexible, watertight joints for concrete pressure pipe, once again is 

first with the most practical solution for restraining thrust at joints 
where conventional blocking is either im-. 
possible or impractical. 
A greater measure of flexibility is imparted 
to this field-welded joint by the resilient ring, 
located between the weld and the water- 
tight rubber gasket seal. This ring also 
improves the tensile characteristics of the 
joint by distributing the load more evenly 
around the periphery of the joint ring. 
Detailed description of this joint may be 
obtained from Lock Joint Pipe Company 
on request. 


* ‘ 
LOCK JOINT Patent applied for. 


aay LOCK JOINT PIPE CO. 


Wate East Orange, New Jersey 


Sales Offices: Chicago, Ill. * Columbia, S. C. * Denver, Col. * Detroit, Mich. 
Hartford, Conn. * Kansas City, Kan, * Perryman, Md. + St. Paul, Minn. * Winter Park, Fila. 


Pressure * Water * Sewer * REINFORCED CONCRETE PIPE « Culvert * Subaqueous 
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Allied Chemical Corp., Plastics & Coal 
Chemicals Div 

Allis-Chalmers Mfg. Co 

Allis-Chalmers Mfg. Co., Hydraulic Div. 


American Agricultural Chemical Co... ..1 

American Brass Co., The 

American Cast Iron Pipe Co.. nee 91 

American Concrete Pressure Pipe ‘Assn... 30, 31 

American Cyanamid Co., Process Chemi- 
cals Dept. 

American Hard Rubber Co 

American Pipe & Construction Co... . . 

American Well Works 

Andrich Water Specialty Co. .......... 

Anthracite Equipment Corp 

Aqua Survey & Instrument Co 

Armco Drainage & Metal Products, Inc. 

Badger Meter Mfg. Co. ............... 

Bailey Meter Co 

Bethlehem Steel Co 


5, 
Birdwell Div., Seismograph Service Corp. 
Buffalo Meter Co 
Calgon Co 
Calmet Meter Div., Worthington Corp. . 
Carborundum Co., The 
Carus Chemical Co. 
Cast Iron Pipe Research Assn., The... .1 
Centriline Corp 
Chain Belt Co. 
Chapman Valve Mfg. Co............... 
Charles Machine Works, Inc 
Chicago Bridge & Iron Co 
Clow, James 
Cochrane Corp 
Combination Pump Valve Co. 
Darley, W. S., & Co 
Darling Valve & Mfg. Co. 
De Laval Steam Turbine Co............ 
DeZurik Corp 
Dorr-Oliver Inc 


Eddy Valve Co 

Eimco Corp., The 

Electro Rust-Proofing Corp 

Ellis & Ford Mfg. Co 

Emhart Mfg. Co., Maxim Div 

Fairchild Aerial Surveys, Inc 

Fiese & Firstenberger 

Filtration Equipment Corp 

Fischer & Porter Co 7 

Flintkote Co., The, 

Ford Meter Box Co. . 43 

Foxboro Co 

Gamon Meter Div., Worthington Corp.. 

Chemical Allied Chemical 
or 


Glenfield & Kennedy 
Golden-Anderson Valve Specialty Co.. 
Graver Tank & Mfg. Co 

Graver Water Conditioning Co. 
Greenberg's, M., Sons 

Hagan Chemicals & Controls, Inc 
Halliburton Co 

Harco Corp 

Hays Mfg. Co 

Hungerford & Terry, Inc 


Par 
PAGE 
Industrial Chemical Sales Div., West 
Virginia Pulp & Paper Co............ 33 
Inertol Co., Inc 


Johns-Manville Corp 

Jones Chemicals, Inc. 

Keasbey & Mattison Co 

Kennedy Valve Mfg. Co., The 

Klett Mfg. Co 

Koppers Co., Inc 

LaMotte Chemical Products Co......... 

Layne & Bowler, Inc 

Leopold, F. B., Co 

Lock Joint Pipe Co 

M & H Valve & Fittings Co............ 

Marathon Electric Mfg. Corp 

Millipore Filter Corp 

Monterey Sand Co 

Morgan Stee! Products, Inc............ 

Mueller Co.. 

Multi-Metal Wire Cloth Co., Inc 

Nalco Chemical Co. 

National Tank Maintenance Corp. ..... 84 

National Water Main errr: Co. 

Neptune Meter Co. 

Northern Gravel Co 

Olin Mathieson Chemical Corp 

Orangeburg Mfg. Co., Div. of The Flint- 
kote Co. 18 

Ozark-Mahoning Co 

Peerless Pump Div 

Pelton Div., Baldwin-Lima-Hamilton. . . 

Permutit Co 

Philadelphia Quartz Co. ............... 

Photovolt Corp 


Pittsburgh-Des Moines Steel Co 5 

Pittsburgh — Meter Div. (Rock- 
well Mfg. Co.) 1 

Plastics & Coal Chemicals Div., Allied 
Chemical Corp 

Pollard, Jos. G., Co., Inc. 

Portland Cement Assn 

Pratt, Henry, Co 

Precision Chemical Pump Corp. 

Preload Co., 

Pulsation Controls Corp 

Reilly Tar & Chemical Corp 

Roberts Filter Mfg. Co. 

Rockwell Mfg. Co 

Rohm & Haas Co 

Ronald Press Co 

Ross Valve Mfg. Co 

Servicised Products Corp 

Simplex Valve & Meter Co 

Smith, A. P., Mfg. Co., The 

Southern Pipe Div. of U.S. Industries 

Steei Plate Fabricators 

Stuart Corp 

Tennessee Corp 

Trinity Valley Iron & Steel Co 

U.S. Pipe & Foundry Co. 

Vulcan Materials Co 

Wachs, E. H., Co 

Walker Process Equipment, Inc......... 

Wallace & Tiernan Inc 

Wheeler Mfg. Corp 

Wheeler, C. H., Mfg. Co 

Wiley, 

Wood, 


Woodward Iron Co 
Worthington Corp 
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POSITIVE CONTROL OF MATERIALS IN MOTION 


REDUCE PUMPING and 
TRANSMISSION COSTS! 


Cy, Dall Flow Tube Cuts Head Loss 
90% over Orifice Plate ... pro- 


vides Maximum Power Savings! 


Dall Flow Tubes offer unsurpassed pressure recovery 
. . . greatly reduced pumping costs over extended 
periods . . . plus adequate line pressure at distant 
points. Annual pump power savings can be approximated 
by checking bottom of chart at selected line size . . . 
tracing vertically to sloping flow line (maximum 
capacity) .. . and reading actual dollar savings 
opposite this intersection at right of chart. 

Visit Booth No. 12 


vuthwestern Section AWWA 
Moody Convention Center 


Industries 


BUILDERS-PROVIDENCE * PROPORTIONEERS + OMEGA 


METERS * FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


The low-priced, performance-proved Dall Flow Tube 
cuts operating costs . . . provides a constant, stable 
discharge coefficient over a wide range. KEEP YOUR 
HEAD, save your money! Request free copy of Technical 
Bulletin 115-L3C today! Write B-I-F Industries, Inc., 
365 Harris Ave., Providence 1, Rhode Island. 
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COMING MEETINGS 


Coming Meetings 


Vol. 52, No.9 


AWWA SECTIONS 


Sep. 14-16—Virginia Section, at 
Cavalier Hotel, Virginia Beach. Sec- 
retary, Edward H. Ruehl, R. Stuart 
Royer & Assoc., 15 W. Cary St., 
Richmond. 


Sep. 14-16—New York Section, at 
Saranac Inn., Upper Saranac Lake. 
Secretary, Kimball Blanchard, New 
York Branch Sales Office, Neptune 
Meter Co., 22-22 Jackson Ave., Long 
Island City 1. 


Sep. 21-23—Michigan Section, at 
Park Place Hotel, Traverse City. 
Secretary, T. L. Vander Velde, Chief, 
Section of Water Supply, State Dept. 
of Health, DeWitt ‘Rd., Lansing. 


Sep. 21-23—North Central Section, 
at Lowry Hotel, St. Paul, Minn. Sec- 
retary, Carl A. Flack, Registrar, Wa- 
ter Dept., 216 City Hall, St. Paul, 
Minn. 


Sep. 25-27—Missouri Section, at 
Governor Hotel, Jefferson City. Sec- 
retary, Warren A. Kramer, Chief, Wa- 
ter Supply, Div. of Health, State Office 
Bldg., Jefferson City. 


Sep. 28-30—Wisconsin Section, at 
Loraine Hotel, Madison. Secretary, 
Harry Breimeister, Bureau of Engi- 
neers, 607 Municipal Bldg., Milwaukee. 


Sep. 28-30—-Canadian Section, Mar- 
itime Branch, at Charlottetown Hotel, 
Charlottetown, P.E.I. Secretary, J. D. 
Kline, Gen. Mgr., Public Service Com., 
Halifax, N.S. 


Oct. 6—Connecticut Section, at San- 
ford Barn, Hamden. Secretary, Don- 
ald W. Loiselle, Supt. of Supply, 
Bridgeport Hydraulic Co., Bridgeport. 


Oct. 6—-7—Intermountain Section, at 
Newhouse Hotel, Salt Lake City, Utah. 
Secretary, M. W. Snell, Supt., Power 
& Light Dept., Soda Springs, Idaho. 


Oct. 9~12—Alabama- Mississippi 
Section, at Tutwiler Hotel, Birming- 
ham, Ala. Secretary, Ernest Bryan, 
McWane Cast Iron Pipe Co., Box 
2601, Birmingham, Ala. 


Oct. 16—-19—Southwest Section, at 
Galvez Hotel, Galveston, Tex. Secre- 
tary, Leslie A. Jackson, Mgr.-Engr., 
Municipal Water Works, Robinson 
Memorial Auditorium, Little Rock, 
Ark. 


Oct. 19-21—Iowa Section, at Fort 
Des Moines Hotel, Des Moines. Sec- 
retary, J. J. Hail, Supt., Water Dept., 
City Hall, Dubuque. 


Oct. 20-22—-New Jersey Section, at 
Madison Hotel, Atlantic City. Secre- 
tary, A. F. Pleibel, Dist. Sales Mgr., 
R. D. Wood Co., 683 Prospect St., 
Maplewood. 


(Continued on page 8) 
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in West. ie 


IOWA FIRE HYDRANTS 
and GATE VALVES 


Iowa Fire Hydrants and Gate Valves form an im- 
portant part of the more than $4,000,000 investment 
in water and sewage facilities for a completely new 
“City Within a City”, a Perini-Westward develop- 
ment, entirely within the city limits of West Palm 
Beach, Florida. One of the owners is Louis R. Perini, 
Chairman of the Board of the Milwaukee Braves 
and President of Perini Corporation. 

The eye-catching central pavilion dominates a 12- 
acre exhibit in the nine-square-mile area where more . - 
than 40,000 people are expected to live. Hundreds One of hundreds of Iowa fire hydrants 
of Iowa valves and hydrants were installed to con- wee being on eee 
trol the flow of water and provide fire protection Pele 
throughout the 100 miles of cast iron water mains 
serving this $450,000,000 development. 

The Iowa products were selected because of their 
proved long life and easy maintenance...plus the 
assurance that parts and replacements will be always Let us send you 
available. Such longtime future service is an impor- —s ner 
tant part of every purchase of Iowa products. a ee 


IOWA VALVE COMPANY 


Oskaloosa, lowa 
A subsidiary of Jomes B. Clow & Sons, Inc. 
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COMING MEETINGS 


Vol. 52, No.9 


Coming Meetings 


Oct. 24-27—Rocky Mountain Sec- 
tion, at Broadmoor Hotel, Colorado 
Springs, Colo. Secretary, Harrison F. 
Kepner, Vice-Pres., Dana Kepner Co., 
550 Alcott, Denver, Colo. 


Oct. 25-27—California Section, at 
Lafayette Hotel, Long Beach. Secre- 
tary, F. F. Watters, Hydr. Engr., 
State Bldg., Civic Center, San Fran- 
cisco 2. 


Oct. 26—28—Ohio Section, at Desh- 
ler-Hilton Hotel, Columbus. Secre- 
tary, J. Howard Bass, Henry P. 
Thompson Co., 1720 Section Rd., Cin- 
cinnati. 


Change in Date 


Nov. 2-4 (instead of Oct. 
19-21 as formerly scheduled )— 
Chesapeake Section, at Sheraton 
Park Hotel, Washington, D.C. 
Secretary, Carl J. Lauter, 6955— 
33rd St., N.W., Washington, 
D.C. 


Nov. 9—11—North Carolina Section. 
at Robert E. Lee Hotel, Winston- 
Salem. Secretary, T. Z. Osborne, 
Asst. Director of Public Works, 
Greensboro. 


Nov. 13-16—Florida Section, at 
Galt Ocean Mile Hotel, Fort Lauder- 
dale. Secretary, John G. Simmons, 
Plant Supt., Water Dept., West Palm 
Beach. 


OTHER ORGANIZATIONS 


Sep. 18-22—NEWWA, Queen Elizabeth 
Hotel, Montreal, Que. 


Sep. 26-30—Conference and exhibit and 
annual meeting, Instrument Society of 
America, Coliseum, New York, N.Y. 


(Continued from page 6) 


Oct. 2-6—-WPCF, Convention Hall, 
Philadelphia, Pa. 


Oct. 10-14—Fall general meeting, AIEE, 
Chicago, 


Oct. 17-18—Annual meeting, Interstate 
Commission on the Delaware River 
Basin, Pocono Manor Inn, Pocono, Pa. 
Write: James H. Allen, Exec. Secy., 
Incodel, 341 Suburban Station Bldg., 
Philadelphia 3, Pa. 


Oct. 17-21—48th annual National Safety 
Congress, Chicago, IIl., with sessions on 
industrial safety scheduled for Conrad 
Hilton, Pick-Congress, Sheraton Tow- 
ers, Morrison, and La Salle hotels. 
Write: R. L. Forney, Secy., National 
Safety Council, 425 N. Michigan Ave., 
Chicago 11, Ill. 


Oct. 24-28—9th annual water works 
management short course, cosponsored 
by the Illinois and Indiana sections, 
AWWA, at Allerton Park, Monticello, 
Ill. Write: T. E Larson, Head, Chem- 
istry Sec., State Water Survey Div., 
Box 232, Urbana, III. 


Oct. 31-Nov. 4—APHA annual meeting, 
San Francisco, Calif. 


Nov. 7—11—Course on “Radioactive Pol- 
lutants in Water,” R. A. Taft Sanitary 
Engineering Center, Cincinnati, Ohio. 
Write: Chief, Training Program, 4676 
Columbia Pkwy., Cincinnati 26, Ohio 
(or to USPHS regional office). 


Noy. 14-18—Course on “Radionuclides 
in Water,” R. A. Taft Sanitary En- 
gineering Center, Cincinnati, Ohio. 
Write: Chief, Training Program, 4676 
Columbia Pkwy., Cincinnati 26, Ohio 
(or to USPHS regional office). 


Nov. 27-Dec. 2—Annual meeting, ASME, 
Statler Hilton Hotel, New York, N.Y. 
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A Nalco PRODUCT MANAGER 


Answers Questions on Coagulation 


New Chemicals and 
New Techniques 
Help Solve Problems 


Question: What are the characteris- 
tics of a good coagulation program? 


Answer: Continuous production of 
water of the necessary clarity and 
quality to meet end-use require- 
ments; with the flexibility to han- 
die changing conditions in input 
water characteristics. A good 
coagulation program should also 
increase the length of filter runs. 


Question; What are some of the 
more recent improvements in the 
field of coagulation? 


Answer: Sodium aluminate is prob- 
ably the first of the “modern” co- 
agulants. It supplies an alkaline 
source of alumina with a negative 
(anionic) charge, and constitutes a 
coagulant which ideally meets the 
requirements of principal coagula- 
tion process uses. 

Natural and synthetic organic 
polymers are the most recently- 
developed coagulant chemicals. 
They are high molecular weight 
materials which are anionic, cati- 
onic, or nonionic; and function as 
high-efficiency coagulant aids; or 
both coagulants and coagulant aids. 
Use of these materials provides 
greatly increased floc particle size 
and weight, resulting in increased 
clarity, longer filter runs, and in- 
creased throughput rates. 


Question: What is the best approach 
to solving a specific coagulation 
problem? 


Answer: Take all the factors in- 
volved, and accumulate specific in- 


4. T. Burke, Manager 
Nalco Coagulation Chemicals Department 


formation on them: (a) Make a 
thorough investigation of the sup- 
ply water, the equipment em- 
ployed, the end use of the water. 
(b) Test coagulation with various 
chemicals by beaker tests and other 
laboratory evaluation techniques. 
(c) Get the advice and assistance 
of experts as to methods and loca- 
tions of applying chemical treat- 
ments to get maximum coagulation 
efficiency. 


Question: How is Nalco qualified to 
help solve coagulation problems? 


Answer: Nalco’s basic background is 
successful water treatments. The 
Coagulation Chemicals Depart- 
ment at Nalco is made up of “spe- 
cialists’ specialists”: men whose 
sole job is to provide Nalco Repre- 
sentatives and their customers with 
the materials and assistance neces- 
sary to solve coagulation problems. 

No other organization has more 
experience or better facilities to 
solve your coagulation problem, 
promptly and economically. Call or 
write for action now. 


NALCO CHEMICAL COMPANY 


6315 West 66th Place, Chicago 38, Illinois 


In Canada — 
Alchem Limited, Burlington, Ontario 


..- Serving Industry 
® through Practical 
Applied Science 


CHEMICALS 
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Costs go adown 


Lancaster, Pennsylvania: Ten miles of 42-inch ID steel main are an important addi- 
tion to the local water supply system. The 100 per cent Dresser-Coupled line was 
laid by Frank Kukurin & Sons and Alconn Utilities. 


AND DRESSER-COUPLED steel pipe goes in fast! 
Steel pipe in lengths up to 50-feet needs fewer 
connections, and Dresser® Couplings make 
those connections fast ...two man-minutes per 
bolt. Steel pipe is lighter... saves freight costs 
and provides easier handling at the job-site. 
When you use Dresser-Couplings to join steel 
pipe, you eliminate the need for expensive, spe- 
cialized joining equipment. The only tool you 
need is a simple hand wrench. For least initial 
cost and lowest maintenance on your next water Two man-minutes per bolt for 
line, specify Dresser-Coupled steel pipe. permanent, leak-proof joints! 


DRESSER 


MANUFACTURING DIVISION 
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Pipe being primed at coating 
yard specially set up by Koppers 
Contract Coating Department 
for a large water supply project. 


#4 MAKES ALL THE DIFFERENCE 


Steel water pipe will last much longer 
underground with the armor-like pro- 
tection which a %2” coating of Bitu- 
mastic 70-B AWWA Enamel gives it. 
This corrosion-preventive coating is 
vital to the long-life of water lines. 

Bitumastic Enamel has helped steel 
water lines set high flow capacity rec- 
ords of 40 years and more. Proven per- 
formance is one reason why so many 


water supply engineers are specifying 


steel pipe, lined and coated with Bitu- 
mastic 70-B AWWA Enamel, for their 
projects today. A lining of this enamel 
gives a uniformly smooth inside surface 
that has proved to have the highest 
flow coefficient available. 

You can obtain more information 
about the economies of Bitumastic 70-B 
enameled steel pipe from Koppers Com- 
pany, Inc., Tar Products Division, Dept. 
i104) Pittsburgh 19, Pennsylvania. 


ONLY KOPPERS MAKES 


KOPPERS 


BITUMA 


GEG. VU. PAT. OFF. 
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PERMANENTLY YOURS: CAST IRON PIPE 


Installed— 
it stays installed 


One thing sure about cast iron pipe— 
once it’s in the ground, it’s there for keeps! 
Over 100 American utilities, having used 
cast iron pipe steadily for more than a 
century, can testify to that. And modern 
cast iron pipe gives you greater assurance 
than ever: great beam strength resists 
heavy surface traffic; tremendous load 
resistance absorbs even the most forceful 
pressures. In fact, when you select cast 
iron pipe, you can anticipate no major 
repairs in your water supply system for 
the next hundred years! 


Cement-lined— it stays 
cement-lined 


A smooth coat of cement lining along the 
inner wall helps prevent the formation of 
flow-reducing particles. No matter how 
strong the water is, cast iron pipe always 
assures a free, steady flow. 


Joined — it stays joined 


Bottle-tight, rubber-ring joints give you 
leak-proof protection at the most vulner- 
able points of your system. Vibrations, 
surface traffic and washouts present no 
problems to cast iron pipe. Inherent 
ruggedness. . . built to perform under all 
adverse underground conditions... 
repair-free service for at least a century 
—all good reasons why your choice 
should be that of water utility experts 
everywhere. America’s greatest water 
carrier: cast iron pipe. 


Cast Iron Pipe Research Association, 
Thos. F. Wolfe, Managing Director, 
3440 Prudential Piaza, Chicago 1, Ill. 
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SALT STORAGE. 


How it can affect design of 
water softening installations 


The method used to store salt must be considered 
when planning a water softening plant. Dry salt 
storage, for example, requires different facilities 
from brine storage. And “‘wet storage” (dry salt 
stored under covering brine) has its own special 
design needs. Whatever method is chosen, however, 
its effect on plant design is greater than ever, since 
more salt and brine are needed in today’s 
higher-capacity softening plants. 


If you would like help in planning modern, large- 
scale salt-storage facilities, contact International 
Salt Company. With over 50 years of experience 
and continuing research in all phases of salt handling 
and brine production, International can suggest 
many new and practical ideas in connection with 
salt purchase, storage and dissolving for regenerating 
ion exchangers. This service is impartial and 
comprehensive. It costs you nothing. 


Service and research 


are the extras in 


STERLING SALT 


INTERNATIONAL SALT COMPANY, CLARKS SUMMIT, PA. ¢ Sales Offices: Boston, Mass. ¢ Buffalo, N. Y. 
Charlotte, N. C. ¢ Chicago, Ill. ¢ Cincinnati, O. ¢ Detroit, Mich. « Newark, N. J. «© New Orleans, La. 
New York, N. Y. © Philadelphia, Pa. « Pittsburgh, Pa. « St. Louis, Mo. 
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VERTICAL TURBINE PUMPS 


tormeriy SMITH 


Here’s the beginning 
of a good pumping job 


You press the starter button with 
assurance because you know the 
FloWay pump has been designed 
and constructed to handle the 
pumping job without a murmur. 
Proven performance, whether in 
process pumping, booster, trans- 
fer, pipe line, cooling, or in prac- 
tically every other type of installa- 
tion, has shown that FloWay is 
equal to the exacting needs of 
industry. Send for Bulletin #14 
which describes the full line of 
FloWay industrial pumps. 


‘ 


Monvtoctured by 


PUMPS tte, 


2494 Railroad Ave Fresno, Calif 


Contact your FloWay distributor 
Baitimore, Maryland Ardmore, Pennsylvania 
R. Thum é Company Warren E. Quillman 
San Franeises, California Buffalo, New York 
Woodin & Little Ralph Simmons & Com Pittsburgh, Pennsytvania 
Weinman Pump & Supply Co. 
Park. Frank A. Kristal Dallas, Texas 
1 Livingston Machinery Co. 
Metarie, Louisiana Tulsa, Oklah 
A. G. Kirkwood Co. The Kase -_ cose Pump & Power Engineering Co. 
Detrelt, Michigan Portland, Oregon Seattle, Washington 
~ Detroit Air Compressor Pacific Pumping Company Pacific Pumping Company 7 


Sep. 1960 
; 
4 
veri 
& 
= 
- 
S 
aa 
th 
4 
! 
| 
j | 
i 
| 


JOURNAL AWWA Vol. 52, No.9 


only with 
ORANGEBU RG 


What a selling plus! And what a wonderful way to be sure of satisfied cus- 
tomers! Point out you use slit-proof Orangeburg SP—the only plastic pipe 
Guaranteed and Bonded for 20 years for cold water service. Under terms of 
the Bond, repairs or replacements (INCLUDING LABOR COSTS) due to failure 
of the pipe will be made at Orangeburg’s expense. The Bond will be made 
out in your customer’s name; for him to keep. After your SP installation 
is completed simply mail “Request for Bond” Form to Orangeburg. After 
approval, Bond will be sent direct to your customer. Why not take advan- 
tage of this amazing Bond offer on your next job. See your Authorized 
Orangeburg Wholesaler or write Dept. JA-90. 


Approved for drinking water by National Sanitation Foundation 


ORANGEBURG MANUFACTURING CO. + Orangeburg, New York 
A Division of The Flintkote Company. Manufacturers of America’s Broadest Line of Building Products 


can you offer 
i 
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FLINTIOTE 
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Exclusive dovetail thrust roller insert 
cuts wear and noise at the water level 


It’s standard on all Badger 
meters. This dovetail thrust 
roller insert fits vertically into 
the thrust roller slot to form a 
smooth track on which the roller 
rides countless times — quietly 
and without wear. With this slot 
now 77% shorter, original cham- 
ber strength is retained and dis- 
tortion eliminated. 

Accurate registration is con- 
stant because the nutating disc 
never shifts position. And re- 


placement is a mere matter of 
changing the insert, not the en- 
tire chamber. 

The thrust roller insert is just 
one of many refinements to 
emerge from Badger’s concentra- 
tion on meter research and de- 
velopment. See your Badger rep- 
resentative for details. Ask him, 
too, about the Read-o-Matic. 
Proof that answers for better 
water metering come first from 
Badger. 


Badger Water Meters 


BADGER METER MFG. CO. « 4545 W. Brown Deer Rd. 
Milwaukee 23, Wisconsin ¢ Offices in Principal Cities 
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Like Atlanta, Ga., you too can meet tomorrow’s increased water 
demands with clean water mains. When the coefficient of sections of 
Atlanta’s 45 year old main dropped to a low of 44, Waterworks 
General Manager, Paul Weir ordered National cleaning. Results 
were outstanding. Water pressure and capacity doubled, giving 
better fire protection and higher water pressure to outlying sections. 


Do as other leading cities have done—let National 
cleaning provide for tomorrow's expansion without 
capital expenditure today! We can prove that Netiona} 
cleaning is an investment —not an expense. 


Write us today! 


TIONAL WATER MAIN CLEANING COMPAMY 
50 Church Street © New York, NY. 


333 Candler Building, Atlanta 3, Georgia; 920 Grayson St., Berkeley, Calif.; 115 Peterboro St., 
Boston 15, Mass.; 533 Hollis Road, Charlotte, N. C.; 8 S. Dearborn St., Rm. 808, Chicago 3, 
Iil.; P. O. Box 385, Decatur, Ga.; 2024 Merced Ave., El Monte, Calif.; 315 N. Crescent St., 
Flandreau, South Dakota; 3707 Madison Ave., Kansas City, Missouri; 200 Lumber Exchange 
Bidg., Minneapolis 1, Minn.; 510 Standard Oil Bldg., Omaha 2, Nebraska; 2910 W. Clay 
Street, Richmond 21, Va.; 502 West 3rd South, Salt Lake City 10, Utah; 204 Slayton St., 
Signal Mountain, Tenn., 424 S. Yale Avenue, Villa Park, Illinois; 7445 Chester Avenue, 
Montreal, Canada; 576 Wall Street, Winnipeg, Manitoba, Canada; Apartado de Correos 
No. 5, Bogota, Colombia; Apartado 561, Caracas, Venezuela; P. O. Box 531, Havana, Cuba; 
Marquinaria, Apartado 2184, San Juan 10, Puerto Rice; Bolivar 441-A, Marafi., Lima, Peru 
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The Key to the dependable long-life 
performance of the Oriseal is in its simple, 
practical design. The entire valve assembly is 
only six parts... the three “O” rings 

in the sturdy valve body, the Teflon coated 
straight plug... the valve cap. 


We are happy to offer the Oriseal as another 
beneficial product developed for the Water Indus- 
try... the direct result of over a century of experi- 
ence and tradition for quality ‘‘craftsmanship’’. 
See your Mueller representative or write Dept. B, 
Mueller Co., for your copy of ‘The Oriseal Valve 
—Test Results’. 


MUELLER CO. 


a boy can open 
or close the new 
ORISEAL’ VALVE ! 


An easy turning Curb Valve 
with all the features 


In Canada: Mueller, Limited, Sornic, Ontario. 


grease ... has no mechanical seat- 
ing device to wear or cause stick- 
ing... the seat is protected against 
damage and erosion. : 


you've looked for. 


Try it... Prove to yourself 
how easy this valve will open 
and close. The Teflon coated 
straight plug turns easy a 
even after prolonged idleness. 


turns easy without 


DECATUR, ILL. 


Factories at: Decatur, Chattanooga, Los Angeles; 
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WILLIAM KERIVAN, Chief Filter Plant Operator, 
Billerica (Mass.) Water Treatment Plant, says: 


“Our porous underdrains 
give completely 
trouble-free service...” 


The Billerica Water Treatment Plant Chocks af 
serves 26 square miles, supplying 1.0 pu» titi 
MGD from the Concord River. Beds for | 
Billerica’s four filters are 30” of sand and 
18” of anthracite, with ALOXITE® alumi- 
num oxide porous bottoms. Average load 
is 1.5 MGD and 2.0 MGD during peak 
periods. 
“What we like most about the ALOXITE 
plates,” says Mr. Kerivan, “is that we have 
none of the problems of graded gravel. 
For example, the large photo, taken dur- 
ing backwashing, clearly shows no blow 
holes such as you run into with an upset 
gravel bed. Scum is removed easily and 
uniformly. As for mudballs, they're just a 
name to us—we don’t have them. 
“The porous plates have had no repairs 
since they were installed four years ago. 
Their only maintenance consists of acid 
cleaning once a year. Judged from our 
experience, these bottoms have no short- 
comings.” 


For trouble-free porous media, count on... 


CARBORUNDUM | 


Dept. 0-90, Refractories Division, Perth Amboy, N. J. 


ae 
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EASE OF INSTALLATION 


American Concrete Cylinder Pipe is easy to install, a fact that many contractors have proved repeatedly. 
Standard laying lengths of 32 feet together with carefully scheduled and executed trenchside delivery 
reduce handling time to a minimum. @ The joints of American Concrete Cylinder Pipe are fabricated of 
accurately sized steel bell and spigot rings which mate perfectly and easily every time. A rubber gasket 
provides a permanent watertight seal which eliminates the need for tedious caulking and skilled workmen. 
& Properly installed, American Concrete Cylinder Pipe can be backfilled immediately after jointing is 
completed thereby reducing open trenches to a minimum. @ The ease and confidence with which you 
can install American Concrete Cylinder Pipe is only one of the reasons it should be considered for 
your next pipeline project. Let an American Sales Engineer tell you about the many other long-term 
economies available to you. 


American Pipe and Construction Co. + Los Angeles + San Diego + Hayward «+ Portland 
Bogota, Colombia | American Concrete Pipe Co. (subsidiary) « Phoenix + Albuquerque 


A MEMBER OF THE AMERICAN CONCRETE PRESSURE PIPE ASSOCIATION 
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1879—ROSS-1879 
Automatic Values 


Vol. 52,No.9 


Controls 
elevation of 


tanks, basins 
and 
reservoirs 


1. Single Acting 
2. Double Acting 


ALTITUDE VALVE 


Maintains 
safe operating 
pressures 
for 
conduits, 
distribution 

and pump 


discharge 


Maintains 
desired 
discharge 
pressure 
regardless 
of change 
in 
rate of flow 


REDUCING VALVE 


Regulates pressure in gravity 
and pump systems; between reser- 
voirs and zones of different pres- 
sures, etc. 


A self contained 
unit with 
three or more 
automatic 
controls 


COMBINATION VALVE 


Combination automatic control 
both directions through the valve. 


Maintains 
levels in tank, 
reservoir 
or basin 


1. As direct 
acting 

2. Pilot oper- 
ated and with 
float traveling 
between two 
stops, for upper 
and lower limit 
of water eleva- 
tion. 


FLOAT VALVE 


Packing Replacements for all Ross Valves Through Top of Valve 


Electric remote 
control— 
solenoid or 
motor 
can be 
furnished 


REMOTE CONTROL VALVE 


Adapted for use as primary or 
secondary control on any of the 
hydraulically controlled or operated 
valves. 


ROSS VALVE MFG. CO., INC., P. 0. BOX 593, TROY, N.Y. 
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CORPORATION 


e Help INDUSTRY produce 
WATER 


Softening, and Manganese remaval, 

ve Water and Filtrations We Rave years of 

Brience in this field, FE 

mc Sulfate), does am outstanding job in 

producing purer process water. And, of course, 

we offer reliable technical assistance — Let Us 
fell you about it. 


For complete list of our products see our inserts in . 7 
Chemical Week Buyers’ Guide, Pages 173-176 or 
Chemical Materials Catalog, Pages 551-554. 


“for Further Information, Write, Phone or Wire us. 


612-629 GRANT BUILDING, ATLANTA 3, GEORGIA © 
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New AWWA 


35-mm 
Slide Film 
with 
Sound and 
Color 


$35 a copy 


THE STORY 


OF WATER SUPPLY 


Based on AWWA’s million-copy bestselling picture booklet of the same 
name, the film version uses lively color cartoon slides and synchronized 
sound to tell “The Story of Water Supply” to schools, civic clubs, and other 
groups of your neighbors and customers. Attractive to both youngsters 
and adults, and easily understood by all, the effectiveness of this 15-minute 
presentation is being proved throughout the country. 


Whether you use the film as an introduction to a talk on local water 
problems or lend it to your schools (a teaching guide comes with it), you’re 
bound to find that its value as a public relations tool is worth far more 
than the modest $35 cost. 


Onder Now Grom 


AMERICAN WATER WORKS ASSOCIATION 
2 Park Avenue New York 16, N.Y. 
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UNIT 


Walker Process now offers carbonation units for all lime softening plants from the very small 
to the largest. Sizes range from the new “OO” unit with minimum capacity of 55 tbs. CO COr/day 
to the No. 4 at maximum output of 10,000 Ibs. CO#/day. 
Engineers can readily provide an entire carbonation system by simply specifying the appropriate 
size CARBALL in combination with Walker Process SPARJER diffusers .... . assuring 
50% More CO: Unique Absorption Method 
Clean, Tasteless Gas Economical Operation 
100% Combustion Factory Tested Package System 
Write for bulletins 7W83 - 7W85 and 7W88 


«WALKER PROCESS Equipment inc 


AURORA ILLINOIS 


Carnone Walker yNIT 
: 
jean co 2 
' Mo. burn either gas or oll to produce 
max. of 40,000 ibs. CO2/doy. Size 
2 
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PHOTOVOLT 
PH Meter Mod. 115 


Meter 
‘of remarkable 


‘accuracy 
a stability 


‘at the low 
| 


® SIMPLE IN OPERATION AND MAINTENANCE 
) FAST AND DEPENDABLE IN SERVICE 


Write for Bulletin #225, also for literature on other 
Line-Operated and Battery-Operated Photovolt pH Meters . 


ZORPORATION 


AD ON AVENUE NEW: YORK ] 
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Florida City Water Plant 


SAVES TIME 


AND MONEY WITH 
HAGAN GOAGULANT AID 


Robert Ankney inspects filter 


Vero Beach, Florida, Water Treatment Plant 


Quick case history—reading time 57 seconds 


The City of Vero Beach, Florida, has a 
6 mgd softening plant that draws water 
from six shallow wells. The plant for- 
merly used activated silica as an aid to 
coagulation. While results were satis- 
factory, the plant investigated other 
coagulant aids in the hope of increasing 
the efficiency of their operation. After 
exhaustive laboratory tests and plant 
trials, Hagan Coagulant Aid #7 was 
adopted as it is easy to apply, requires 
less storage space and only a minimum 
of supervision. A feed rate of only 4% 
ppm was set up for the Hagan Aid. 

A recent test showed that filters can 
be operated at 10% aboverated capacity 
for 230 hours with only a 4-foot loss of 
head; normal filter runs are of 200 
hours duration. 

Another saving showed up during a 


recent expansion, when Gee & Jensen, 
Consulting Engineers, incorporated 
feeding equipment specifically designed 
for Hagan Coagulant Aid #7 into their 
plans for the new plant. This equip- 
ment cost approximately one-fourth as 
much as equipment that would be 
needed for activating silica. 

Hagan Coagulant Aids are non-toxic, 
easy to handle, and produce a large, 
tough floc that speeds settling time and 
reduces carryover. They may be dry-fed 
or slurry-fed as desired. Write for Bulle- 
tin HSP 919 for information on the 
complete line of Hagan Coagulant Aids. 


HAGAN 


CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA. 


HAGAN DIVISIONS: CALGON CO.; HALL LABORATORIES; BRUNER CORP. 
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Specified: 
100 years of life! 


SPECTACULAR UNDERWATER PIPELINE 
DISCHARGES 600 MILLION GALLONS PER DAY 
THROUGH CONCRETE PRESSURE PIPE 


Specifications of the Los Angeles Hyperion 
Sewerage expansion project required a permanent 
underwater pipe line to carry 600 million gallons 
per day of effluent five miles out into Santa 
Monica Bay for disposal through a diffuser sys- 
tem. Hyperion engineers chose CONCRETE 
PRESSURE PIPE for permanence. No alternate was 
allowed for the 100-year minimum design life. 
Sustained high carrying capacity and freedom 
from maintenance are other factors in the overall 
economy of CONCRETE PRESSURE PIPE that make it 
ideal for an installation of such special character. 

The great strength of CONCRETE PRESSURE PIPE 
was demonstrated in the handling and joining of 
90-ton, 24-foot lengths of 144-inch diameter pipe. 
These were assembled eight at a time and secured 
to a pontoon for towing to the laying site. The 
concrete pipe joints sealed with rubber gaskets 
conformed to rigid testing and inspection require- 
ments and permitted joining the pipe underwater 
in ocean depths up to 200 feet. 

Large project or small— underwater or under- 
ground — CONCRETE PRESSURE PIPE is your best 
investment for now and the future. 


WATER FOR GENERATIONS TO COME 


SURE PIPE ASSOCIATION 


AMERICAN CONCRETE PRES 
228 North LaSalle Street, Chicago 1, Illinois 
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| WaT | COMPOUND-LOOP CONTROL 


By residual analysis and information feedback, Wallace & Tiernan 
Compound-loop Control adjusts chlorinator feed rates to changing water 
flows and chlorine demands. You can add W&T Remote Residual Re- 
cording and Controlling Components throughout your water system and 
centralize control at any desired location. You select the desired residual 
on a central panel and the Compound-loop System maintains that residual 
feithfully. 

Remote recording by W&T gives you duplicate residual records and 
minute-to-minute information where it helps guide operation. Remote 
controlling by W&T lets you adjust a chlorinator miles away. And W&T 
Remote Components adapt to almost any system, any type of control. 


With remote residual recording and controlling by Wallace 
& Tiernan you centralize control ...save time and operating ex- 
pense...extend the advantages of the Compound-loop method. 


For more information, write Dept. S-142.05 


WV WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9.NEW JERSEY 
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AMERICAN WATER WORKS ASSOCIATION 


VOL. 52 © SEPTEMBER 1960 * NO. 9 


Progress in Water Supply Research 


A Symposium 


A symposium presented on May 16, 1960, at the Annual Conference, 


Bal Harbour, Fla. 


Assn., Redhill, Surrey, England. 


T the beginning of the twentieth 
century, it was evident that Great 
Britain’s lead in industrial develop- 
ment and commerce was threatened. 
While British industry was dependent 
on an older pattern of production and 
trade, other countries, with an Indus- 
trial Revolution beginning later than 
that in Britain, were competing in 
world markets with the aid of up-to- 
date facilities. World War I showed 
that the pace of the technical develop- 
ment of Britain’s competitors pre- 
sented a serious challenge to her future 
trade, and, although enlightened in- 
dustrialists were already beginning sys- 
tematically to recruit trained scientists, 
in 1916 the government took the initi- 
ative by setting up a department 
having the responsibility of fostering 


Organization and Activities of the British Water 
Research Association—Ronald G. Allen 


A paper presented by Ronald G. Allen, Director, Water Research 


1085 


the application of science in industry. 
The technical research organization so 
created was called the Department of 
Scientific and Industrial Research 
(DSIR). It was controlled by a com- 
mittee of the Privy Council and sought 
to work for industry by the creation 
of “research establishments” covering 
prescribed technical and scientific dis- 
ciplines. Additionally, it sought to 
work with industry by offering scien- 
tific and financial support for organi- 
zations established by a specific indus- 
try to study the common and scientific 
problems of its individual firms. Such 
organizations came to be known as 
“research associations,” or RA’s. The 
Water Research Association is the 
newest of the 50 research associations 
that qualify for government assistance 
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1086 RONALD 
through DSIR. Before the function 
and progress of DSIR are discussed, 
the basic structure and common aims 
of the research association movement 
as a whole should be described. 


Nature of Research Associations 


Each research association is set up 
by an industrial group to study its com- 
mon scientific and technical problems. 


50 


Number of Associations 


T 
1940 
Year 


1920 1950 1958 


Fig. 1. Numerical Growth of 
Research Associations 


By special arrangement, organizations 

outside the United Kingdom and _ the 

Commonwealth can join many of the re- 

search associations. At present, there 

are 50 research associations in_ the 
United Kingdom. 


Therefore, an association represents a 
fusion of the cooperating member firms 
on the one hand and their permanent 
staffs and research facilities on the 
other. The association achieves indi- 
vidual status by incorporation as a 
nonprofit company with a memoran- 
dum and articles of association setting 
out its objectives and its structure. Its 
affairs are managed by a council, with 
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supporting committees, elected by the 
membership and composed mainly of 
the administrators and technicians of 
the industry. It may find it desirable 
to co-opt others, such as eminent engi- 
neers or university scientists, who can 
act as advisors hecause of their spe 
cial knowledge. 

The principal executive officer is the 
director of research, who is appointed 
by the council to be responsible for the 
operation of the association under the 
council’s general guidance. Normally, 
a headquarters with laboratories, li- 
brary, workshops, and facilities for 
semi-industrial pilot-scale experimen- 
tation is established at a place that is 
convenient for the recruitment of re- 
search personnel, affords reasonable 
access to members, and meets the spe- 
cial requirements of the research. 

Normally an association has a num- 
ber of classes of membership ; all firms 
having a direct interest in the work of 
the association would be admitted to 
full membership. By special arrange- 
ment, organizations outside the United 
Kingdom and Commonwealth can join 
many of the associations if their mem- 
bership is generally to mutual advan- 
tage. Often an associate class of mem- 
bership is available with more limited 
rights for individuals and firms having 
only marginal interests in the main 
industry. 

Figure 1 shows the numerical 
growth of research associations over 
the past 40 years; Fig. 2 shows the 
expansion of their income. At the 
present time, there are 50 associations 
whose combined income in 1959 
amounted to approximately £7,000,000 
($20,000,000). 


Income of Research Associations 


Members provide the major part of 
an association’s income, and, normally, 
they are asked to guarantee their sub- 
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scriptions for several years, often five. 
This gives stability to the association’s 
finances. Without financial stability, 
it would not be possible to plan re- 
search, much of which is usually of a 
long-term nature. Financial stability 
also enables the director to envisage a 
broad program of research likely to 


20 


1940 1958 


Year 
Fig. 2. Combined Income of 
Research Associations 


T 
1930 


1920 1950 


At the present time, the income of 50 
research associations amounts to approxi- 
mately $20,000,000. 


attract suitable staff personnel and, 
equally important, additional members. 

Rates of subscription are determined 
by the members at annual general 
meetings. The rates may be calculated 
in a number of ways. Some associ- 
ations find it convenient to base their 
rates on invested capital, total wages 
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paid, or turnover; others prefer an 
assessment against the number of em- 
ployees or the consumption of a par- 
ticular raw material. But whether the 
rate is based on a financial assessment 
—this has special advantages at times 
when the trend of the economy is infla- 
tionary—or on some commodity value, 
subscriptions are always related to the 
size of the firm. Very frequently pay- 
ment is made directly to the associ- 
ation, although it is sometimes conven- 
ient for trade associations to collect 
the subscriptions and pass them on as 
a single sum. Such a trade body is 
often in a position to guarantee a com- 
posite subscription, and, in one or two 
instances in Britain, a levy is collected 
on statutory authority from all the 
firms in a specified industry. Research 
associations are fortunate in having 
their subscriptions and membership 
contribution officially regarded as in- 
dustrial expenses exempt from income 
tax. Any income the association may 
have from investment or royalties is 
also exempt from taxation. 


Government Participation 


No research association is able to 
secure government support, technical 
or financial, without first being in a 
position to demonstrate that the indus- 
try concerned is alive to the need of 
cooperative research and is prepared 
to provide funds for its operation on 
a worthwhile scale. This status fre- 
quently depends on the association’s 
annual income guaranteed by its mem- 
bers. At the present time, £20,000 
($57,000) would most likely be re- 
garded as an indication of satisfactory 
Status. 

A grant is administered by DSIR 
and is made for a period of 5 years, 
after which it may be renewed. To 
obtain a grant, the association sub- 
mits a 5-year program of research, to- 
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gether with a statement of its existing 
circumstances and its prospects for the 
future. A committee of the Advisory 
Council for Scientific and Industrial 
Research considers the application and 
may recommend the terms of a grant, 
taking into account the character of 
the industry, with particular reference 
to its scientific standing and national 
importance. 


G. ALLEN Jour. AWWA 
must be forthcoming before an associ- 
ation becomes qualified for a grant. 
A block grant is made as a fixed pro- 
portion of this minimum, and an addi- 
tional grant is offered in proportion 
to any further income, up to a stated 
total. The additional portion of the 


grant is in the nature of an incentive 
to members to expand and develop the 
association’s activities as rapidly as 


5 4 2 1 
Grant — $ 1,000,000 


oo 


Independent income — $ 1,000,000 
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Fig. 3. Grant and Independent Income of Research Associations 


Members provide the major part of an association’s income. 


A grant is made by 


DSIR for a period of 5 years. 


Table 1 shows the income of some 
research associations for 1959, indicat- 
ing separately membership (independ- 
ent) income and government grant. 
Figure 3 shows the growth of grant 
and membership income from 1934 to 
1958. The grant offered is always re- 
lated to the amount of money advanced 
by industry, and a minimum income 


possible, to a level appropriate to the 
needs of the industry and community. 
In accepting a grant, the associations 
do not surrender their independence. 
The grant from DSIR is pooled with 
that of the members, to be spent in 
accordance with the research program 
approved by the council on behalf of 
the membership. 
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DSIR normally nominates one or 
two experts as members of the council 
and appoints one of its own officers to 
attend council meetings. He has no 
vote, but provides a link with DSIR 
headquarters and is able to offer ad- 
vice based on the experience of other 
research associations. DSIR also ap- 
points, in consultation with the re- 
search association, one or two “visi- 
tors” from independent academic and 
industrial backgrounds to act as im- 
partial observers of the work and func- 
tioning of the association. They are 
available to make an assessment of the 
contribution that the association has 
made to the research needs of the in- 
dustry at the end of the 5-year pro- 
gram, when a continuation of the grant 
would be under consideration. 


Activities of Research Associations 


A research association is essentially 
a scientific organization, but its work 
differs from academic research in that 
it is directed purposefully towards the 
advancement of the technology of a 
specific industry. Its program is es- 
sentially practical in outlook, concen- 
trating on problems chosen by its 
members as being of the greatest in- 
dustrial importance. Its work leads 
to more efficient production and to 
economies in manpower and materials. 
The associations do not, however, pur- 
sue research solely with the thought 
of quick returns. An adequate meas- 
ure of basically fundamental research 
should be provided for. Commonly, 
associations divide their resources 
equally between basic research, ap- 
plied research, and member services; 
the latter comprises information, ad- 
visory, liaison, and educational services. 

Normally, the responsibility for 
drawing up a program of research, and 
for watching its progress, is delegated 
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to a research committee having powers 
to co-opt experts from various fields— 
academic, technical, and industrial. 


The program can then be based on 
the best practical and academic experi- 
ence and can be designed to avoid du- 
plication of effort and to suit the pos- 
sibly competing needs of its members. 
It is likely to include research into raw 
materials, industrial processes, prod- 


TABLE 1 
Income of Research Associations: Metal, Fuel, 
Engineering, and Paint—1959 


I ndependent| Government 
ncome 
$1,000 


Research Association 


Cast Iron 415 
Coal 701 
Coke 300 
Electrical 1,015 
Hydromechanics 129 
Internal Combustion 

Engines 157 
lron & Steel 1,988 
Marine Turbine 1,187 
Motors 386 
Nonferrous Metals 472 
Paint 172 
Production 

Engineering 
Scientific Instruments 
Ships 
Springs 
Steel Castings 
Tar 
Water 
Welding 


729 


ucts, production economics, social and 
human aspects of the industry, and 
education, as well as providing for the 
operation of an information and ad- 
visory service backed by technical and 
scientific library services. 

Where facilities and staff are needed 
for a special investigation, the associ- 
ation may provide funds for extra- 
mural research, to be used, for exam- 


: 
| 
4 
| 143 
229 
100 
os? 7 
86 
343 
200 
157 
143 
86 
257 
43 
143 
86 
806 
| 
| 72 
| 143 
4 


1090 


ple, at technical colleges or universi- 
ties. If the association has enough 
space, apparatus, and staff, confiden- 
tial work paid for by individual mem- 
ber firms can be carried out by agree- 
ment with the council. Cooperative 
work, however, is the main job of an 
association, and, normally, staff and 
facilities are fully occupied in this way. 

The information obtained by an 
association with funds provided by its 
membership is for the benefit of those 
members, and the results of investiga- 
tions, which are of immediate applica- 
tion, are communicated to members 
first. Information is distributed as 
technical reports and memoranda, sup- 
plemented as the need arises by in- 
structional courses and panel dis- 
cussions. Most associations, however, 


release information for general publica- 
tion soon after its receipt by members, 
a course almost always adopted for 


much of its basic research. 


Water Research Association 


Through the efforts of the British 
Waterworks Association and the In- 
stitution of Water Engineers, the 
Water Research Association (WRA) 
was incorporated, under the Com- 
panies Act of Great Britain, at the end 
of 1953, with a memorandum and arti- 
cles of association based on the DSIR 
model. By 1955, sufficient funds had 
been secured to permit the appoint- 
ment of a director of research and to 
provide temporary laboratory accom- 
modations for his future staff. 

From the beginning, WRA sought 
to conform to the pattern of grant- 
aided research associations, and, al- 
though its program of research was 
limited by lack of funds, its work had 
attracted sufficient attention by 1958 
for membership of WRA to have in- 
creased to 248 and annual subscrip- 
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tions to £23,000 ($66,000). At the 
end of that year, a 5-year program of 
research, providing for the establish- 
ment, equipment, and staff of a perma- 
nent headquarters, was submitted to 
DSIR. The program was accepted 
and endorsed, as a result of which 
WRA was admitted to the grant-aided 
scheme, with a grant extending from 
1959 to 1964, under the previously 
mentioned conditions pertaining to 
grants. 


Council 


The WRA Council of thirteen is 
drawn predominantly from the ad- 
ministrative personnel of member or- 
ganizations. It includes, however, 
representatives of DSIR and the Min- 
istry of Housing and Local Govern- 
ment, which is responsible to Parli- 
ament for environmental health and, 
consequently, for water supply. The 
council represents the broad interests 
of the association's membership, and 
its function is to determine general 
policy, to secure finance, and to super- 
vise expenditure. It has powers to 
co-opt four additional members. 


Research Advisory Committee 


The council is advised in matters of 
research by a committee, whose chair- 
man has a seat on the council. The 
committee is made up predominantly 
of water engineers and water chemists 
of meniber organizations, nominated 
in part by the British Waterworks 
Association and in part by the Institu- 
tion of Water Engineers. The tom 
mittee also includes representatives 
nominated by research associations 
working in fields related to WRA ac- 
tivities. In this category are, among 
others, representatives from the Fresh- 
water Biological Association, the Brit- 
ish Hydromechanics Research Associ- 
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ation, the Water Pollution Research 
Laboratory, and the engineering and 
scientific department of the Ministry 
of Housing and Local Government. 
This representation insures that all as- 
pects of research proceeding in kindred 
fields are taken into account in formu- 
lating WRA’s research program, and 
makes certain that duplication of effort 
is avoided. There are at present six- 
teen members serving on the advisory 
committee. 


Membership Classifications 


Ordinary members comprise persons 
or corporations carrying on business in 
the supply, production, distribution, or 
marketing of water, machinery, appli- 
ances, accessories, or material to be 
employed in the supply of water. Such 
members have the right to vote at gen- 
eral meetings. The voting power of a 
member is related to the amount of his 
subscription. Associate members are 
those who are members of any class 
of the Institution of Water Engineers. 
This membership also includes scien- 
tific workers, journalists, and others 
connected with the water industry or 
any allied trade. Delegate members 
are elected as representatives of other 
associations established for kindred 
purposes. /lonorary membership is 
subject to nomination by the council 
and election by the association in gen- 
eral meeting. 


Subscriptions 


For the purpose of levying subserip- 
tion rates, the specification of groups 
within the foregoing classes of mem- 
bership is straightforward in the in- 
stance of water organizations having 


interests completely identified with 
those of WRA._ For others, special 
considerations to meet particular con- 
ditions are often necessary before an 
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appropriate subscription figure can be 
reached. 

On joining, every member agrees to 
subscribe initially for a period of 5 
years from the date of his election. 
His membership thereafter is on a 
year-to-year basis. He may withdraw 
from the association by giving notice 
in writing at least 6 months before the 
expiration of any financial year and 
also before each and any subsequent 
year for which he has guaranteed to 
subscribe on election. 

Water suppliers providing water to 
individual consumers (domestic or in- 
dustrial) subscribe annually a sum 
equal to 0.1 per cent of their water 
revenue of the previous financial year. 
This revenue excludes rents for meters 
and receipts for supplies of water in 
bulk. The maximum subscription is 
£4,200 ($12,000); the minimum, 
£26/5/0 ($75). Water suppliers pro- 
viding water to other water authorities 
(wholesale or bulk supply) subscribe 
a sum not less than £26/5/0 ($75), 
subject to the discretion of the council. 

Corporate bodies other than water 
suppliers—these include industries con- 
cerned with the supply of goods to the 
water industry or with the processing 
of water for their own purposes—sub- 
scribe at a rate similar to that of water 
suppliers, except that their revenue from 
water is now interpreted as the gross 
turnover of their business or of that 
part of their business activity which 
qualifies them for membership. In 
this regard, the council has discretion- 
ary powers, for frequently it is neces- 
sary to agree on a figure. Consultants 
in water supply qualify for membership 
within this group; their subscription 
is based on the number of partners 
and supporting staff in the consulting 
firm. Associate members are admitted 
at an annual subscription of not less 
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than £5/5/0 ($15), at the discretion 
of the council. 

These subscription rates came into 
force in 1959 and represented a dou- 
bling of the rate that had applied since 
the founding of WRA. Rates were 
increased to enable WRA to take full 
advantage of the terms of a grant 
offered by DSIR in that year, in sup- 
port of its research program. The 
terms were for a 5-year period and 
comprised an annual block grant of 
£15,000 ($42,860), provided that 
£30,000 ($85,720) of membership in- 
come was obtained. An_ incentive 
grant was also offered at the rate of 
£80 ($229) for every £100 ($286) of 
membership income more than £30,000 
($85,720), up to the limit of £12,000 
($34,286) of grant. It was thus pos- 
sible for WRA to obtain £27,000 
($77,140) of government grant, if it 
could obtain from its members £45,000 
($128,580) annually. 


Present Membership and Staff 


In April 1960, there were 225 water 
suppliers in the ordinary membership 
of WRA, a number slightly less than 
the 1958 figure, because of the amalga- 
mations that had taken place in the in- 
terval. There were also 24 industrial 
firms representing, for example, water 
treatment plant aid chemical suppliers, 
metal pipe and fittings and plastic pipe 
manufacturers, and paper mills and the 
nationalized electricity board. There 
are no members in any other class. 

Table 2 shows the water supplier 
portion of membership by size distri- 
bution, size referring to the average 
daily output. There are approximately 
870 water suppliers in the United 
Kingdom. Although numerically only 
a quarter are members, the quantity of 
water supplied by them, and on 
which is based their financial contribu- 


1092 RONALD G. ALLEN 


Jour. AWWA 


tion to the association, is approxi- 
mately 75 per cent of all the water dis- 
tributed in the country. The small 
number of members distributing less 
than 2 mgd is partly explained by 
the existence of a minimum rate of 
subscription. 

Of each 100 member water sup- 
pliers, 52 represent the water depart- 
ments of municipal authorities; 11, 
urban and rural district councils; 17, 
water boards and water committees; 


TABLE 2 


Size Distribution of Water Suppliers With 
Regard to WRA Membership 


Daily | 
335 1 1 | 100 
90 2 1 50 
60-50 2 2 100 
50-40 1 1 100 
40-30 7 70 
30-20 | 5 a 100 
20-10 32 29 90 

10-5 50 45 90 

5-2 

95 | 34 34 

10.5 | 167 15 9 
0.5-0.2 152 2 
0.2-0.1 | 116 0 0 
0.1-0.01 72 0 0 

<0.01 54 0 0 


Total 870 225 26 


and 20, statutory water companies. 
Approximately half the financial con- 
tributions from these sources come 
from municipal authorities, a_ little 
from urban and rural district councils, 
and a quarter each from water boards 
and statutory water companies. Water 
suppliers provide 95 per cent of 
WRA’s membership income. 

There are 23 people on the staff of 
WRA, including graduate scientists 
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qualified in chemistry, physical chem- 
istry, physics, botany, and hydrology. 


Present Research Program 


In formulating the initial research 
program, the Research Advisory Com- 
mittee chose to concentrate on a small 
number of projects, consistent with 
WRA’s limited facilities and financial 
resources. These projects offered 
promise of producing useful research 
results, within a reasonable period of 
time, that could be used by association 
members to economic advantage with- 
out too much difficulty. 

Four divisions were established. 
The nature of their work and the re- 
sults achieved so far will be described 
separately. The titles of technical re- 
ports circulated to members indicate 
the general range of investigations to 
date : 

1. A Survey of Existing Instru- 
ments for the Detection of Leaks in 
Water Mains and Service Supply 
Pipes 

2. A Note on the Treatment of Ag- 
gressive Waters by Aeration 

3. The Coventry Process of Water 
Purification 

4. The Effect of Ultrasonic Radi- 
ation on Gas Vacuoles in Blue-Green 
Algae 

5. Air-Entraining Vortices in Res- 
ervoir Draw-Offs 

6. A Comparison of Noise From 
Leaks in Polythene and Iron Service 
Pipes 

7. The Response of Electronic 
Water Leak Detectors to a Leak Noise 

8. The Absorptiometric Determina- 
tion of Aluminum in Water 

9. The Sources of the Vibrations 
Generated by a Leaking Water Pipe 

10. Present Knowledge Concerning 
the Mechanical Properties of Poly- 
thenes Used in Water Supply 
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11. An Electro-Acoustic Instrument 
for the Rapid Location of Under- 
ground Water Leaks 

12. The Theory of the Coagulation 
Process of Water Treatment—A 
Review 

13. Present State of Standards for 
Plastic Water Pipes—A Review 

14. The Effect of pH on the Coagu- 
lation of Dilute Mineral Suspensions 
With Aluminum Sulfate 

15. The Isolation and Examination 
of the Fine Suspended Solids From 
Nine English Rivers 

16. The Mechanical Properties of 
Geon RA.170 High-Impact PVC Tube 
for Water Supply. 


Research Division Studies 


The WRA Research Division is con- 
cerned primarily with a scientific study 
of water treatment. It is engaged in 
a long-term investigation of the funda- 
mental processes of coagulation and 
flocculation. 

The first task was the 


development 
of methods of assessing the importance 
of the large number of physical and 


chemical variants involved. Some of 
these have been studied with the use 
of a modified version of the jar test 
technique. Suspensions of pure clay 
minerals in distilled water, containing 
added electrolytes to give known ionic 
compositions and pH values, have been 
used as synthetic waters, and the ap- 
plication of aluminum and iron salts to 
the coagulation of these systems has 
been studied. The effects due to the 
coagulation properties of these chemi- 
cals, as distinct from those arising from 
their acidic nature, have been sepa- 
rated. Similar studies have also been 
made with the deposits, present in 
semicolloidal form, collected from se- 
lected English rivers by centrifugal 
extraction. Valuable results have been 
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obtained from this work, for these de- 
posits, themselves identified by x-ray 
analysis, have been found to respond 
to coagulation in precisely the same 
way as the pure clay minerals. More- 
over, the organic matter with which 
the deposits are inevitably associated 
appears not to affect their coagulation 
markedly. Indeed, an important con- 
clusion of this work is that the coagula- 
tion process can be regarded as largely 
independent of the nature of the tur- 
bidity. As a result of these findings, 
further work is now being directed to 
a study of the coagulant itself and 
the conditions necessary for optimum 
effect. 

Sufficient progress has now been 
made in the study of the removal of 
turbidity from raw waters to permit 
a start on the study of the removal of 
dissolved color. Methods are under 
development for the removal of this 
dissolved and_ semicolloidal organic 
matter in the, laboratory, with the ob- 
ject of obtaining it in concentrated 
form. The effect of this color essence 
on the coagulation process can then be 
studied with the techniques already 
adopted for the study of turbidity 
removal. 

The economic significance of these 
investigations to the British water in- 
dustry is certain to be very great. Im- 
proved techniques are likely to result 
in the use of smaller quantities of 
chemicals, and, much more important, 
capital savings will be realized from 
an increase in the output from existing 
plant. An improved coagulation tech 
nique in use by one of the association's 
members has already resulted in the 
possibility of a throughput from a 
plant designed for 6 mgd being raised 
to 10 mgd, with a saving of capital 
expenditures of more than £100,000 
($286,000). The eventual determina- 
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tion of why and not merely how a 
water treatment process works will 
permit an estimate of the efficiency 
of the process and will lead to the 
development of higher efficiencies. 
Practical plant experimentation by 
water chemists will be made more pur- 
poseful if founded on the results of 
basic research. 


Technology Division Studies 
The WRA Technology Division is 


at work on two major projects, one 


Fig. 4. Mobile Laboratory for Leak Noise 
Analysis and Recording 


An electronic detector that can be used 
by unskilled labor for rapid surveys is 
now being perfected. 


relating to the detection of leaks from 
undergound water mains and the other 
to the application of plastic materials 
for use in water distribution. 


Leak detection. It is generally ac- 
cepted that approximately 10 per cent 
of all the water distributed by water 
suppliers in Great Britain is lost be- 
cause of leakage at joints and fractures 
in water mains and associated service 
pipe. This percentage is known to be 
low compared with that of many other 
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countries. A reliable method of leak 
detection is not known to the water 
industry; the time-honored method 
consists of listening to the ground sur- 
face above pipe with the use of wooden 
sounding rods (stethoscopes). Indirect 
evidence is also available from metering 
techniques. 

The association’s investigations are 
designed to: (1) develop a more satis- 
factory instrument for detecting the 
sounds generated by leaks and heard 
by sounding the ground above the main 
or service pipe ; (2) determine the true 
source and character of the sound from 
which a novel method of detection 
might be devised ; and (3) examine the 
possibility of leak detection by other 
means. A mobile laboratory (Fig. 4) 
has been used for the analysis and re- 
cording of the noise of leaks. An 
electronic detector has now heen con- 
structed, and field trials with the pro- 
Though this 


totype are underway. 
instrument shows no better discrimina- 
tion than that of the trained stetho- 
scope operator, it can be used by un- 
skilled labor and provides a means of 


rapidly surveying long lengths of 
mains to identify points of suspected 
leakage, these being checked subse- 
quently by traditional means. Addi- 
tionally, for water pipe of main sizes, 
ferreting techniques are being exam- 
ined with a view to their possible 
adaption for leak detection. 

WRA is also engaged in an opera- 
tional research study of the functioning 
of a leak detection service. The asso- 
ciation is attempting to determine the 
optimum size of this service, in rela- 
tion to the size of the undertaking and 
the pattern of leakage shown by its 
records over the years. It has been 
found possible, by making certain as- 
sumptions concerning the way leaks 
develop once they occur, to provide 


BRITISH WATER RESEARCH ASSOCIATION 


1095 


members with a mathematical process 
by which they can analyze their own 
data. This process will enable mem- 
bers to determine the cost of an opti- 
mum leak detection service in relation 
to the financial loss from the leakage. 

A successful solution to the detection 
of leakage is regarded as one of the 
most important objectives of WRA. 
In Britain, the water industry sells 
more than £70,000,000 ($200,000,000 ) 
worth of water each year. Because 
of leakage, the cost to the consumer 
is probably £7,0090,000 ($20,000,000) 
more than it need be. This value is 
equivalent to a loss of 150 mgd. A 
saving of this amount would go far 
in assisting the industry to meet the 
present trend of rising demands and 
enable it to defer additional capital 
expense otherwise necessary. 

Plastic water mains and services. 
In extensive areas of Great Britain, 
water mains are laid in ground that 
is corrosive to iron and steel. In 
anaerobic conditions, sulfate-reducing 
bacteria speed up the attack by con- 
suming the products of such corrosion. 
Protection in the form of pipe coatings 
or some method of cathodic protection 
is valuable, but the possibility of con- 
structing mains of noncorrodible mate- 
rials merits consideration, especially 
when these can be expected to have 
such additional advantages as lightness 
and flexibility. 

Owing to the initial technical devel- 
opment of polyethylene in Britain and 
polyvinyl chloride (PVC) in Ger- 
many, predominantly different mate- 
rials have been used for pipe in the 
United Kingdom and on the Continent. 
An inquiry by WRA has shown that 
about 3,300 mi of polyethylene pipe but 
no more than 20 mi of PVC are in use. 
A Dutch research organization has dis- 
closed that only 350 mi of polyethylene 
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but 2,000 mi of PVC pipe for service 
connections and 300 mi in main sizes 
are laid in Holland. 

As a result of experience in the use 
of polyethylene in service pipe sizes al- 
ready existing in Britain, the associ- 
ation’s work is designed to encourage 
the intelligent use of such materials 
as unplasticized PVC for the construc- 
tion of water mains. Its work is de- 
signed particularly to make possible a 
service life of 50 years for these mate- 
rials, with regard to their characteris- 
tics of “creep” under constant stress. 
In an industry financed largely by the 
raising of loans by government sanc- 
tion, it is important to demonstrate 
that the capital works involved will 
last out the life of the loans, com- 
monly granted for 30 or 50 years. 

Besides the development of acceler- 
ated tests of plastic mains, the divi- 
sion’s work embraces investigations of 


jointing procedures, ways of tapping 
supply pipe, techniques for river and 
bridge crossings, and guidance in the 
drafting of standards for these new 


materials. Without standards, the 
ready application of new materials by 
water engineers could not be expected. 


Information Division Services 


As the main objective of an indus- 
trial research association to con- 
tribute to the effectiveness of the in- 
dustry it represents, it follows that 
success cannot be insured by the quality 
of the research alone; results must be 
appreciated by industry and applied in 
industrial practice. It is necessary, 
therefore, to provide such member 
services as library facilities, informa- 
tion and advisory services, and educa- 
tional services (staff lectures), in addi- 
tion to technical bulletins, pamphlets, 
digests, and newsletters conveying in- 
formation to the technical man in the 
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industry, in language free from scien- 
tific jargon. Training schemes can be 
organized by WRA and run at its 
laboratories, and, where appropriate, 
technical staff from member firms can 
work in the laboratory for a period of 
time. 

Information services, in a_ broad 
sense, are used to answer the questions 
of the general public and organizations 
outside the industry of a research asso- 
ciation, with the object of fostering the 
industry’s trade and reputation. These 
services are also used to handle techni- 
cal inquiries—by providing answers to 
members’ day-to-day problems—often 
initiated by a request for an examina- 
tion of a defective product, for an ex- 
planation of the origin of the defect, 
and, where possible, for suggestions to 
prevent the recurrence of the defect. 
Reciprocal relationships between the 
information divisions of all research 
associations are of very great advan- 
tage to the members, because of the 
wide range of industries covered by 
the research association movement as 
a whole. 

A further service, usually referred 
to as liaison, provides for visits by 
selected personnel of the WRA staff 
to members, first to uncover and solve 
problems—sometimes on the spot and 
sometimes after transmission to the 
association—and second to introduce 
the association’s research to managers, 
foremen, and other technical staff. 
The liaison officer is specifically 
charged with the public relations of 
the association at the management and 
technical level. 

The Information Division of WRA 
has a library unit and an information 
section supervised by an information 
officer. The division collects scientific 
information in general and data de- 
rived from the water supply field and 
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research associations to provide a 
background to the association’s own 
work and to answer members’ inquiries. 
The library is organized not only for 
the use of the WRA staff but also for 
its members. The division is respon- 
sible for the production of the associ- 
ation’s literature, and particularly its 
technical reports and its quarterly bul- 
letin, Water Research News. This 
quarterly serves not only to keep mem- 
bers informed of the association’s ac- 
tivities and to acquaint them with the 
meaning and significance of research, 
cooperative and otherwise, but also to 
establish contact with organizations 
throughout the world with interests 
similar to those of WRA. Water Re- 
search News is mailed regularly to 
more than 100 other organizations 
overseas. 

At present, the division handles 
technical inquiries from members and 
nonmembers at the rate of approxi- 
mately 200 inquiries a year. For small 
water suppliers with a limited technical 
staff, this service is undoubtedly of 
great value. 

A significant part of the work of the 
Information Division is to supply in- 
formation for WRA’s research and 
technology divisions. Experimental 
work should never be undertaken until 
all previous work in the field has been 
studied. It is not sufficient to read 
material collected only from the rec- 
ognized journals of water engineering 
and water chemistry published in 
Britain and abroad. It is usually more 
important to be aware of scientific re- 
search reported, for instance, in the 
journals pertaining to acoustics, poly- 
mer physics, and colloid chemistry, 
and the research of other scientific 
disciplines relevant to the projected 
investigation. 
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The division’s activities seek to im- 
press upon the industry the necessity 
not only of supporting collective re- 
search but also of organizing and re- 
porting experimentation of its own in 
such a way as to contribute to the re- 
search picture of the industry as a 
whole. Experimentation is of itself 
not the same as research, but, with 
the aid of a research association, the 
investigations that go on daily inside 
an industry can acquire scientific value. 
To science, “no” is as much an answer 
as “yes.” An experiment that fails 
in its intended purpose is still of value 
if the result is recorded for coordina- 
tion with the work of others. The 
research association is available also to 
insure that investigations by members 
are planned with a knowledge of previ- 
ous work in the field and that controls 
are adapted to insure that results ob- 
tained are not merely fortuitous. 


Administrative Division 


The function of the Administra- 
tive Division is to provide for the 
routine needs of the other divisions. 
Through it, the director handles mem- 
bership matters and controls research 
expenditure. 


Future Projects and Developments 


Four years after its establishment 
as an operational unit, WRA is now 
taking a major step forward. With 
the certainty of an annual income of 
at least £70,000 ($200,000) for the 
next 4 years, it is establishing perma- 
nent headquarters on the banks of the 
Thames at Medmenham in Bucking- 
hamshire. The facilities planned there 
include a large laboratory for pilot 
plant experimentation (raw-water sup- 
ply is from the adjacent river), with 
supporting technical laboratories and 
workshop facilities. General chem- 
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istry, physical chemistry, physics, ra- 
diochemistry, and microbiology labo- 
ratories are planned, together with a 
library and information and adminis- 
trative offices. Sufficient land is avail- 
able for field work on leak detection, 
corrosion, plastic pipe, sludge disposal, 
and for future expansion. 

Besides the projects in the current 
research program, new fields of inves- 
tigation will include studies of filtra- 
tion processes, the disposal and recla- 
mation of sludge, the speeding up of 
bacteriologic examination, an investi- 
gation into algal control and taste and 
odor problems, the development of ex- 
isting methods of chemical analyses, 
and the formulation of new methods. 
WRA plans to participate also in cer- 
tain aspects of hydrologic problems 
relating specifically to underground 
pollution and to land utilization of up- 
land catchments. An expansion of the 
association’s information and advisory 


services, together with the provision 
of mobile teams for liaison work at 
member establishments, is provided 


for. The existing staff is expected to 
be increased to approximately 50; it 
will then include, at graduate level, five 
physicists, three chemists, three chemi- 
cal engineers, two hydrologists, one 
microbiologist, one botanist, and one 
mathematician. 

Cooperative research to be success- 
ful must be conceived on a grand scale. 
Research associations that have not 
seen and acted on this vision lead 
stunted lives, cramped by their own 
usefulness. Ad hoc inquiries, trouble- 
shooting investigations, and hand-to- 
mouth acceptance of immediate prob- 
lems occupy the time and effort of 
these associations to the exclusion of 
their properly scaled research function. 
An industry such as water supply, 
largely noncompetitive within itself, is 
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ideally constituted to receive, adapt, 
and benefit from the concept of co- 
operative research. It is vital that, at 
the outset, the function of the associ- 
ation be properly understood by the 
industry. It is imperative that the in- 
dustry come to regard the research 
association as an integral part of itself, 
not an organization outside of it, un- 
aware of the industry’s needs. It is 
vital that the association plan its mem- 
ber services with this in mind and also 
establish that research is the province 
of the industry itself, not work to be 
subcontracted to outside organizations. 
The research association has an impor- 
tant role, but it is essentially an auxil- 
iary one. Science and industry, re- 
search and production, must not be 
divorced. Investigations must be car- 
ried out alongside the day-to-day work 
of the industry, because it is there that 
the fruits of research must in the end 
manifest themselves. Research would 
otherwise become academic and its re- 
sults inaccessible to members having 
no qualified scientific staff. 

Member services and, particularly, 
the information service must gather 
information not only from all sources 
of knowledge outside the industry, but 
also from within the industry itself. 
For the future, WRA confidently an- 
ticipates that its members will come to 
regard it as a repository of experience 
and know-how in the water supply 
field, as well as a focal point for re- 
search into water problems. 

Eventually, WRA expects to broaden 
its membership and hopes to include 
river boards, land drainage and irriga- 
tion authorities, hydroelectric boards, 
and industries concerned with steam 
generation and other processes using 
water. It anticipates further support 
for its work from water suppliers and 
users, abroad as well as at home. 
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It is clear that much of the associ- 
ation’s future work will have an ap- 
plication outside Britain. Just as it 
finds coordination of its work essential 
with that of its own membership and 
with that of organizations working in 
related fields in Britain, WRA_ will 
need in the future to establish closer 
cooperation with similar organizations 
abroad. 


Conclusion 


In Britain, the demands made on 
the water industry by the rapidly de- 
veloping technology of industry gener- 
ally, and by the new industries that 
have come into being over the last 30 
years particularly, have not produced 
so immediate a response as in the 
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United States. The application of new 
technologies and scientific disciplines 
to the American water industry has 
been swift, and the high standard of 
technical papers presented in the Jour- 
NAL bears witness to this. 

It is to be hoped, however, that 
the concept of cooperative research, on 
which the British research association 
movement is conceived, will stimulate 
the American water industry to con- 
sider whether its own technical activi- 
ties might profitably be coordinated 
more closely in the future. Research 
associations are said to be characteris- 
tically British in concept and function. 
It would be interesting to learn how 
far this pattern of cooperation could 
be applied to American industry. 


A paper presented by Albert E. Berry, Gen. Mgr., Ontario Water Re- 


sources Com., Toronto, Ont. 


The very close relationship between 
the United States and Canada, with 
regard to water supply practice, makes 
for a common interest in research pro- 
grams in this field. There is an in- 
creasing awareness in Canada of the 
need for research. Although research 
facilities are available, they are inade- 
quate, and more cooperation and co- 
ordination are needed among research 
workers. Efforts are now being made 
to correct these conditions. 


Present Status and Attitudes 


Administrative organizations in Can- 
ada are different from those in the 
United States and elsewhere. The 
very large territory of Canada occu- 
pied by only 17,000,000 people does 
not have the cohesiveness and the 
multiplicity of problems encountered 
in more populous countries. Water 


utilities and supplies are supervised 
by the ten provinces. Each has a de- 
partment of health and facilities for 
the control of public water supplies. 
In Ontario, new measures are in ef- 
fect. There is also a Department of 
National Health and Welfare, with 
headquarters at Ottawa, Ont. These 
agencies constitute a framework within 
which substantial research in water 
supply may be expected. Other agen- 
cies can be made available to aid in 
this activity. Although no central 
body is charged essentially with water 
research, there are opportunities for 
joint efforts. 

The importance of water research is 
recognized in Canada. It is realized 
that the research should cover a wide 
field and should not be limited to labo- 
ratory studies. Programs must be 
directed to serve the needs of water 
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systems in general, including facilities 
for treatment and distribution, re- 
sources, and all phases of securing and 
delivering water to the consumer. 
Programs of research must be closely 
related to practices in the field. 
Hence, there is an appreciation of the 
need for the closest liaison between 
research and control or enforcement 
agencies. The two are so interrelated 
that coordination of efforts is desirable. 
There is further recognition that a full- 
scale research program must embrace 
the skills and knowledge of many pro- 
fessions, such as engineering, medicine, 
chemistry, biology, physics, statistics, 
and education. The importance of col- 
lecting and distributing information on 
water supply practice is considered a 
part of this program. These are only 
some of the viewpoints on research, 
but this basic attitude is essential if 
much is to be accomplished. 


Past Accomplishments 


Past accomplishments in research do 
not necessarily indicate what may be 
expected in the future. Previous ex- 
perience, however, serves effectively 
as a foundation for further research. 
In Canada, contributions have been 
made even though research facilities 
have been limited. Most of the re- 
search has been confined to laboratory 
work, in which the health departments 
and water plants have been the active 
participants. The provinces of Quebec 
and Ontario have, through their labo- 
ratories, made notable contributions. 
The McCrady project in Quebec on 
the most probable number in water 
bacteriology and the various contribu- 
tions from the experimental station of 
the Ontario Department of Health 
should be mentioned. At the munici- 
pal level, the work of Howard at To- 
ronto has shown what can be done. 
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As research facilities become more nu- 
numerous, more contributions can be 
expected. 


Research Facilities 


Research programs must always be 
directly related to available facilities 
and personnel. In Canada, a number 
of establishments are equipped for ade- 
quate research; others can be pro- 
vided with more equipment without 
too much difficulty. The problem then 
becomes one of making the maximum 
use of all facilities. 

In the past, the health departments 
of the various provinces have provided 
facilities for research, although this 
was not their main function. Univer- 
sities have not yet taken a leading part 
in research work, but it is believed that 
their potentialities in this field are 
great. The distribution of 35 univer- 
sities and colleges throughout Canada 
provides an opportunity for wide- 
spread use of their facilities. 

For several years, the Department 
of National Health has made available 
grants for public health purposes. 
Some of these have been available for 
research. If the administration can be 
convinced of the value of water re- 
search in relation to public health, 
these grants can be made available to 
the water supply field. 

Municipal water utilities have al- 
ways offered opportunities for re- 
search. This is especially so in the 
larger cities equipped with laboratories 
and other facilities for experimental 
studies. There are a number of well 
equipped laboratories at water plants, 
and trained personnel are available 
who are interested in finding the an- 
swers to current water problems. 

In addition to the foregoing, a num- 
ber of research organizations are avail- 
able to carry on research projects. 
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The National Research Council at Ot- 
tawa has a highly trained staff of re- 
search specialists who have worked on 
problems of water supply and whose 
further cooperation can be expected. 
The Ontario Research Foundation has 
an extensive program at the provincial 
level. Other organizations that can be 
depended on are: 

1. British Columbia Research Council 

2. Saskatchewan Research Council 

3. Research Council of Alberta 

4. Nova Scotia Research Foundation 

5. New Brunswick Department of 
Industry and Development 

6. Technical Information Services 
of the National Research Council at 
Winnipeg and Montreal. 

Industry has many research facili- 
ties. Although these are not intended 


to be used primarily for water re- 
search, it is feasible for many of them 
to be utilized in some of the programs. 
Industry has shown a keen interest in 


water supply problems, and its support 
of programs pertaining to the national 
welfare shows promise of its coopera- 
tion in the field of research. Similarly, 
the manufacturers of process equip- 
ment for water, sewage, and industrial 
wastes are always ready to provide as- 
sistance and to enter wholeheartedly 
into any beneficial programs. 

Mention should be made of the fa- 
cilities now available through the On- 
tario Water Resources Commission 
(OWRC). In 1957, OWRC took 
over from the Provincial Department 
of Health the responsibility for super- 
vision of public water supplies. In 
addition, OWRC, under agreements 
with municipalities, undertakes to de- 
sign, build, finance, and operate water 
and sewage works. Since this pro- 
gram was initiated 3 years ago, 117 
agreements have been made for an 
expenditure of nearly $50,000,000. A 
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total of 52 projects are now completed 
and in operation. 

An important part of the OWRC 
program is the new laboratory and re- 
search station now being put into serv- 
ice. The station will be well equipped 
for research purposes and will be 
staffed by personnel trained in differ- 
ent branches of science. Research 
work will be closely synchronized with 
OWRC field activities. 


OWRC Program 


The OWRC research program is 
now in its formative stage. Attempts 
are being made to complete the plans 
within the next year. The program 
is being planned on a cooperative basis 
to give the OWRC staff the benefit of 
the advice and assistance of workers 
in the water supply field and related 
fields. An advisory committee selected 
from outside the staff will assist the 
commission in an overall examination 
of research needs, the subjects to be 
studied, and other features of the 
general program. Such advice from 
public-spirited and experienced per- 
sons is sure to be valuable. 

Because the research program will 
cover a variety of subjects, it is in- 
tended to utilize committees whose 
proposals and accomplishments will be 
reviewed by an advisory committee. 
Much of the actual research will be 
carried out in the new laboratory, but 
the program will be a cooperative one 
in which other laboratories and re- 
search stations will work together. 
Such directed joint activity can be ex- 
pected to produce worthwhile results. 

The research program will cover 
more than laboratory techniques and 
related subjects. It will include all 
phases of activity pertaining to water 
supply, as well as other matters em- 
braced in OWRC activities. Sugges- 
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tions will be obtained from water util- 
ity personnel in Ontario and elsewhere. 
By joint planning, it is anticipated that 
research facilities of universities, de- 
partments of health, and industry can 
be coordinated to work to the best 
advantage. 


Summary and Conclusions 


In Canada, the opportunities for re- 
search on water problems are now 
most promising. Much has been ac- 
complished in the past. Facilities for 
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research programs are available from 
many sources. The new OWRC labo- 
ratories, which will act in cooperation 
with water plants in Ontario, are a 
valuable addition to these facilities. 
At the present time, there is also a 
keen appreciation of the place for re- 
search in the water supply field. By 
joint action, under coordinated pro- 
grams between water supply personnel 
and those in other disciplines, the 
prospects for accomplishment are 
encouraging. 


Research in the United States—Harry A. Faber——— 


A paper presented by Harry A. Faber, Research Grants Coordinator, 
Eng. Resources Program, Div. of Eng. Services, USPHS, Washing- 


ton, D.C. 


Research has often been described 
as the most vital activity in the world 
today. Certainly it is a rather new and 
rapidly growing activity that, in the 


United States, has developed mostly 


since World War II. The rapidity of 
this growth is indicated by a National 
Science Foundation estimate in 1955 
showing that of all expenditures for 
research in the United States since the 
signing of the Declaration of Inde- 
pendence, 50 per cent of the total was 
spent in the 5-year period 1950-54. 
Expenditures for research support were 
less than six billion dollars in 1954, 
and have increased to twelve billion 
dollars in 1960. The. support is ex- 
pected to rise to more than 30 billion 
dollars by 1970, with expenditures di- 
vided approximately equally between 
government and industry. 

An examination of a few facts and 
figures is needed for a true perspective 
of the development of water research 
in the United States. Past history, 
present trends, and future develop- 
ments will be discussed briefly. 


Past History 


Water research in the United States 
began in 1887, with the operation of 
the Lawrence Experiment Station of 
the Massachusetts State Board of 
Health. Basic studies of water filtra- 
tion were first undertaken at Lawrence 
in 1890.1. The competent engineers, 
chemists, and biologists at that station 
made studies of water treatment so 
fundamental and so well conceived that 
they are even today counted among 
the classics of sanitary engineering re- 
search. The first two water utility 
laboratories were established in 1897, 
in New York City and in Utica, N.Y. 
By 1917, there were only 83 water util- 
ity laboratory installations in the entire 
United States.* 

During the 30-year period (up to 
the beginning of World War I) fol- 
lowing the establishment of the Law- 
rence Experiment Station, a number of 
testing stations were established by 
various municipalities. The informa- 
tion gathered by these stations pro- 
vided fundamental data for the design 
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of many water treatment plants. A 
testing station is a working model of a 
water plant, provided with facilities for 
measurement and control and for de- 
termining the effect of different raw- 
water and treatment processes. Gree- 
ley * reviewed the contribution of these 
to American water supply practice and 
recorded the date and location of six- 
teen of the early water-testing stations. 

By 1913, USPHS established a 
stream pollution investigation station 
in Cincinnati. This was staffed with 
sanitary engineers, chemists, biologists, 
and bacteriologists, and was organized 
to study pollution and natural purifica- 
tion of the Ohio River. In 1948, the 
Cincinnati laboratory developed into 
the Environmental Health Center, and, 
in 1954, it became the R. A. Taft San- 
itary Engineering Center. The center 
is a large laboratory for research, 
technical assistance, and training in 
scientific and engineering aspects of en- 


vironmental health, especially in prob- 
lems relating to water, stream pollu- 
tion, air pollution, radiation, and food 
technology. 

During the past 70 years, the con- 
tributions made by the Lawrence Ex- 


periment Station, municipal testing 
stations, and USPHS have been of the 
utmost importance to the water supply 
industry. Lawrence was the first to 
provide information for the engineer- 
ing profession at large. Although it 
was created to solve specific problems 
of immediate utility, it early became a 
training school for research workers, 
teachers, and practitioners. 

The testing stations in various parts 
of the country not only evaluated local 
conditions and solved local problems, 
but also supplied fundamental design 
data for water treatment plants else- 
where. In more recent years, the tech- 
nical assistance and training courses 
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given at the Taft Center have con- 
tributed widely to the improvement of 
plant operating practices and to the 
technical training of personnel. 

The period 1917-47 may broadly be 
considered as one devoted to the con- 
solidation of design data and develop- 
ment of applied research. During this 
time, many new water treatment plants 
were built, and equipment manufac- 
turers developed new and improved 
devices. Applied research was exten- 
sively utilized, but few basic research 
studies were undertaken. 

Chiefly from 1947 to the present, a 
notable development has taken place 
to support water research projects in 
universities and research institutions. 
Federal funds finance the majority of 
this research, some support comes 
from states and industry, and, recently, 
a few municipalities have undertaken 
to conduct or support research. These 
municipalities include Chicago, De- 
troit, Los Angeles, Miami, Philadel- 
phia, St. Louis County, and several 
cities along the Missouri River. 

Chicago has the distinction of start- 
ing a research program much earlier 
and doing more research than any 
other city. Baylis* reported that “re- 
search has paid handsomely in the 
design and operation of the South 
District Plant . advancing our 
knowledge of water purification and 
resulting in the production of water 
of the highest quality.” Although most 
of the studies at Chicago which he re- 
ferred to are of an applied nature, some 
studies are quite fundamental, such as 
the use of the electron microscope for 
bacteriologic examination and for in- 
vestigating the coagulation process. 


Definitions 


The word “research” is commonly 
used very loosely to mean research and 
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development. A small portion of total 
expenditures is going into real re- 
search. Although the total sum spent 
on research and development has in- 
creased many times in the last 30 years, 
the amount spent for basic research has 
declined from 20 to 10 per cent of the 
whole. The United States has always 
been strong in application, develop- 
ment, and engineering, but much less 
so in basic research—the foundation on 
which all applications are based. 
Research has been defined as a man 
in a dark room looking for a black cat 
that may not be there. The descrip- 
tion applies most accurately, of course, 


TABLE 3 


Water Supply and Pollution Control 
Research Projects 


Annual 
; Average 
Support 
$1,000 


Annual 
Total 
Support | 
$1,000 


Total 


Source of Data Number 


1958 US Research 280 12.5 
Inventory 
1959 USPHS re-| 110 


search grants 


3,500 | 


1,306 11.9 
| 


1959 Taft Center | 
research projects 


to basic research. Basic research is 
needed because it tells something new 
about nature; developmental work in 
itself does not. Basic research is not 
really different from applied research 
in its real purpose; it is simply applied 
research for the future. 

The scientist usually is concerned 
with the discovery of new knowledge ; 
in industry, engineering and manage- 
ment officials are concerned with ap- 
plying new information. Thus, the 
results of research extend over a broad 
spectrum of decreasing scientific em- 
phasis—from research through develop- 
ment, design, construction, production, 
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operation and maintenance, application 
and sales, industrial engineering, and 
management. It is understandable that 
the word “research” should mean dif- 
ferent things to different people, and 
generally it is most convenient for 
those speaking or writing of research 
to use the word without defining it. 
In this article, water research includes : 
1. Research, basic and applied: orig- 
inal investigations or applications of 
new principles, methods, and_tech- 
niques 
2. Testing: experimental compara- 
tive studies, with the use of methods 
and techniques developed by research 
3. Data collection: comprehensive 
reports of fundamental data, including 
analysis and evaluation of variables. 
No single source of information has 
been available, up to the present time, 
to identify the number and _ location 
of active water research projects in 
the United States. The Engineering 
Resources Program of USPHS has 
recently completed a survey of 280 re- 
search projects active during 1958 in 
the broad field of water supply and 
pollution control. The total support 
for these 280 projects was approx- 
imately $3,500,000. The details of this 
survey have been published as a “re- 
search inventory.” Although it is ob- 
vious that this first effort to compile a 
national inventory of research in water 
and water pollution cannot be complete, 
it is the best single source of informa- 
tion that has ever been made available. 


Statistics 


Of the 280 projects listed in the 1958 
US Research Inventory, 67 projects 
may be specifically classified as water 
research. Appendix A _ lists each 
project by location, title of project, 
investigator, and the source of sup- 
port. Research in water supply must 
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be broadly interpreted as research in 
the related fields of water pollution 
control. The principles and practices 
of research in water, sewage, and in- 
dustrial wastes are so interrelated that 
new knowledge in any one of these 
fields is usually applicable to the other 
two fields. The projects classified spe- 
cifically as water research principally 
involve studies of treatment processes, 
analytic methods, corrosion, algae, and 
toxicity. 

During 1959, the USPHS research 
grants program supported a total of 
110 projects in the field of water sup- 
ply and pollution control. Of these 


TABLE 4 
Water Research Projects 


Annual 

Average 

Support 
$1,000 


Annual 
Total 
Support 
$1,000 


Total 


Source of Data 


1958 US Research | 67 1,063 15.9 
Inventory 

1959 USPHS 
research grants 

1959 Taft Center re- 


search projects 


13.6 


31.5 


projects, 26 can be classified as water 
research. Appendix B lists each proj- 
ect by location, title, and investigator. 
Also during 1959, the Taft Center con- 
ducted 23 projects in the field of water 
supply and pollution control research, 
of which 7 can be specifically classified 
as water research. Appendix C lists 
each project by its title and the 
investigator. 

Data from the appendixes are sum- 
marized in Table 3. Table 4 is an 
analysis of the research projects classi- 
fied as water research. These data in- 
dicate marked differences between the 
average amounts of support per year: 
less support for research grant projects 
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and more support for 1959 projects of 
the Taft Center. The projects sup- 
ported by research grants are con- 
ducted principally by graduate students 
in universities, working on a part-time 
basis and at relatively low salaries. 
The projects conducted at the Taft 
Center, however, employ technical per- 
sonnel on a full-time basis and include 
costs comparable to those of industrial 
research projects. The total cost of a 
research project cannot be directly cor- 
related with the average support per 
year, nor can the cost be correlated 
with the ultimate results obtained. The 
total cost of supporting a research grant 


TABLE 5 


Water Research Technical Personnel 


juiva 

Total lent 
Number| Full 
Time 


Average 
Full 


Time 


Source of Data 


1958 US Research 280 140 
Inventory 

1959 USPHS 
research grants 

1959 Taft Center re- 13 15 


search projects 


109 55 


project over a period of several years. 
may be higher than that for a project 
conducted for a shorter period by full- 
time technical personnel. In addition, 
the latter may be expected to produce 
results and publish articles more 
promptly. 

Table 5 shows the numbers of re- 
search personnel involved in water re- 
search projects. As the majority of 
these research projects are conducted 
by technical personnel or university 
graduate students working part time, 
both the total number of personnel 
working on research projects and the 
equivalent full-time figures have been 
reported. The average full-time tech- 
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nical staff is approximately two per- 
sons per project for projects in the 
1958 US Research Inventory, for re- 
search grants projects, or for research 
projects at the Taft Center. 

The cost of research personnel is 
rising steadily. The simple law of 
supply and demand dictates such an 
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investment for a _ research worker 
today is approximately $22,000. It 
should be kept in mind that the pro- 
duction units of research are people, as 
opposed to other operations in which 
machines are the producers and indi- 
viduals are the intelligent manipulators 
of the machines. The product of manu- 


1,400 


Financial Support - $ 1,000 
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1949 1950 1951 1952 
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Year 


Fig. 5. USPHS Support of Research Grants 


Striped bars show the support of all water supply and pollution control projects. 


The 


solid curve, representing support for water research only, is approximately 25 per cent 
of the total. 


increase in costs, and there is no fore- 
seeable prospect of either a relative 
increase in the supply of, or a lessening 
in the demand for, personnel. There 
seems to be no question that the first 
place to control research costs is in the 
hiring of personnel. The least costly re- 
search will be done by the best men. In 
industry, the national average capital 


facture comes from a machine; the 
product of research is an idea that 
comes directly from the mind of the 
researcher. 

Table 6 analyzes the 67 water re- 
search projects reported in the 1958 
US Research Inventory as they relate 
to the interests of the four functional 
divisions of AWWA. The data indi- 
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cate that 16 projects may be classified these projects to the four divisions of 
as of primary interest to the Resources AWWA is shown in Fig. 7. 
Division, 42 to the Purification Divi- 
sion, 7 to the Distribution Division, Prelect and Program Research 

and 2 to the Management Division. Broadly speaking, there are two gen- 
The table also shows the source of eral types of water research: project 
support for all 67 projects, again in research and program research. Water 
relation to the interest of each of the research, as defined in this article, is 
divisions. It will be noted that more essentially project research. The pro- 
than 50 per cent of the support of proj- gram type of research relates prin- 
ects is provided by federal funds, and cipally to the research responsibilities 
that the remaining projects are divided of federal and state agencies in prob- 


TABLE 6 
1958 US Research Inventory, Water Research Projects 


— 
AWWA Functional Divisions | 

| 

| 


Support of Projects 

Resources Purification Distribution | Management | 
Federal 7 24 3 1 35 
State 6 3 0 0 7) 
Local 0 7 2 1 10 
Institution 0 2 ) 0 2 
Industry 3 5 2 0 10 
Private 0 1 


Overall total 


almost equally between state, local, and lems of water supply and quality. There 
industrial sources of support. are also many instances of combined 
Figure 5 shows the growth of the efforts among federal agencies in se- 
USPHS research grants program that curing data or solving problems of 
supports projects in the broad field of mutual interest in the fields of water 
water supply and pollution control, supply and pollution control. 
from the inception of the program in The Department of the Interior, De- 
1947 through 1959. The research partment of Commerce, and the De- 
grants projects that may be classified as partment of Health, Education, and 
water research receive approximately Welfare are the principal federal agen- 
25 per cent of the total support. This cies engaged in  basic-data studies. 
was the same general percentage indi- Among the facts needed in this field 
cated in the 67 projects of the total of | are those concerning regional and local 
280 in the 1958 US Research Inven- water supplies which involve variables 
tory. The source of support for the 67 of stream discharge, storage, and move- 
water supply research projects reported ment of ground water, mineral concen- 
in the 1958 US Research Inventory is _ trations, and similar matters. The task 
shown in Fig. 6. The relationship of of collecting and analyzing the basic 
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data is both time consuming and costly, 
but to proceed without this information 
can be far more costly—if not, indeed, 
tragic. It has been stated by Aandahl ® 
that there is a variety of water prob- 
lems unique to each region, state, and 
locality, rather than a national water 
problem. 

Hollis * has emphasized the need for 
more precise information regarding the 
quality of the nation’s water resources, 
how they are being contaminated, by 


Private, 1.5% 


Federal, 52.3% 


Fig. 6. Source of Support for Water 
Research Projects 


Data refer to the 67 water research proj- 
ects reported in the 1958 US Research 
Inventory. 


how much, and why. The first blue- 
print of these conditions is coming from 
the National Water Quality Network, 
which was instituted a few years ago 
by USPHS. This operation is main- 
tained and run jointly by the federal 
government and state and local agen- 
cies. Approximately 70 sampling sta- 
tions of an anticipated total of 250 have 
been established at a number of water- 
courses to test for radioactivity, plank- 
ton, coliform organisms, and organic 


HARRY A. FABER 


Jour. AWWA 


chemicals, and to carry out a number 
of biochemical, chemical, and physical 
measurements. 


Published Research 


After new knowledge is gained in 
water research, it has value only to 
the extent that it is distributed to 
those who can use it. The reports 
published in technical journals and 
conference proceedings provide the 
principal means for the exchange of 


Distribution, 10.4% 


Management, 
3.0% 


Purification, 62.7 % 


Fig. 7. Relationship of Water Research 
Projects to AWWA Divisions 

Data refer to the 67 water research proj- 

ects reported in the 1958 US Research 


Inventory as they relate to the interests 
of the four divisions of AWWA. 


information. As research grows, so 
must the technical literature reporting 
its results. To avoid duplication of 
original work, scientists must be aware 
of what others have done and must, 
today, examine an increasing volume 
of literature. 

The Taft Center is one example of 
a source of increasing technical publi- 
cations. From its first publication in 
1913 to the present, the scientists and 
engineers at the center have published 
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a total of more than 1,150 reports. 
Even more significant is the rate at 
which these are being issued, a rate 
accelerating as rapidly as the research 
itself. Total publications reached 100 
by 1930, 500 by 1952, and 1,000 by 
1958. It is well to emphasize, how- 
ever, that these publications relate to 
the broad field of sanitary engineering. 
Among all the publications dated 1959, 
only fourteen can be considered as re- 
ports on water research. 

The JouRNAL is the most significant 
single source of information on water 
supply research. (n order to determine 
the trend in the publication of such 
research articles, a survey was made at 
5-year intervals from 1914 (Vol. 1) to 
1958 (Vol. 50). The total number of 
text articles and the number of re- 
search articles was recorded, and the 
percentage of research articles was de- 
termined (Table 7). When the rela- 
tionship between total text articles and 
research articles is examined, it is evi- 
dent that there has not been a sig- 
nificant increase in the percentage of 
research articles published in the Jour- 
NAL. The basis for selection of re- 
search articles in this comparative 
study was the definition of water re- 
search given earlier. Figure 8 shows 
the data reported in Table 7. 

Water research has certainly in- 
creased during the past 70 years—in 
number of projects, in amount of sup- 
port, and in terms of research articles 
published. There is a wide variety of 
research, testing, and data collection 
underway, with some investigation be- 
ing directed toward practically every 
problem that might be named. These 
data would be misleading if they gave 
the impression that some research 
means adequate research. The oppo- 
site is true. More research is needed 
on every problem that has been inves- 
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tigated since the inception of the Law- 
rence Experiment Station 70 years 
ago.® Why are all the “simple prob- 
lems” that have so long been studied 
still being worked on today? And 
why have so many new problems of 
water research been added in recent 
years? The answer, of course, is that 
there will always be a supply of un- 
solved problems, because each new dis- 
covery reveals a host of new problems. 
Table 8 lists the unsolved water prob- 
lems of 1887 and those 70 years later. 

The table shows that the industry 
has the same problems, now much 


TABLE 7 
Research Articles in Journal AWWA 
No. of 


Research 
Articles 


Research 
Articles 


Total 
No. of 
| Articles 


Journal 
Volume 


62) i 
62 13 
117 16 
175 26 
190 32 
167 17 
288 | 60 


intensified, plus many new problems 
for which research is badly needed. 


Future Needs 


Scientists, engineers, and manage- 
ment officials concerned with public 
water supply are aware of the large 
gap between what is known and what 
needs to be known to insure the provi- 
sion of a safe and adequate water sup- 
ply in the future. In a communication 
to the author, Bernard Berger, chief of 
Water Supply and Pollution Control 
Research at the Taft Center, has de- 


= 

A 

1914 | 47 
1923 10 | | 14 

1926 | 15-16 | 41S 
1928 | 19-20 | 

1933 | 25 
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scribed the needs of water quality 
research : 


The future problems of potable water 
supply will probably be similar to those 
of today. However, they will certainly be 
more difficult, more widely spread, and 
more urgent. The challenge to research 
will involve the need for new and better 
ways to control, remove, or destroy ob- 
jectionable organic and inorganic solutes 
and colloids, including viruses. Improve- 


300 


HARRY A. FABER 


Jour. AWWA 


Such knowledge is needed to improve the 
effectiveness of coagulation and filtration, 
and to provide a sounder and more eco- 
nomical basis for removal of persistent 
organic compounds. The application of 
strong chemical oxidants to destroy ob- 
jectionable persistent organics should be 
explored. Research on the relationship 
of filter properties to filter performance 
should be expanded, to define the actual 
function of filtration and reduce its cost 
to a minimum. 


> 


\ 


2 
2 
< 
= 
co} 
2 
E 


ANNAN 


17% 21% 


13% 


a 
a 


14% 


5% 


1914 1918 1923 1928 


Fig. 8. 


The striped bars represent the total number of articles in the Journal. 
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Percentage of Articles in Journal AWWA Related to Research 


Percentages 


within the bars refer to water research articles. 


ment in methods for controlling motile 
organisms able to penetrate water treat- 
ment plants and infect distribution sys- 
tems will be a further requirement. 
Research on basic principles of separa- 
tion and purification must be extended. 
Particular attention should be given to 
fundamental knowledge of absorption phe- 
nomena as a necessary step in the intel- 
ligent application of this technique to 
waters of different character and quality. 


Although the tasks of water treatment 
will probably become more difficult, it 
cannot be said that the level of current 
research efforts reflects an awareness of 
the growing problem. The challenge to 
the water profession may be 
clearly specified. The general area of 
the required research effort may be de- 
An adequate program has yet 


supply 


scribed. 
to be activated. 
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There will be many other problems. 
Standards of water quality today are 
“standards of ignorance.” The early 
concern over water quality related 
largely to biologic and bacterial con- 
taminants. Waterborne diseases have 
now been controlled to the point where 
microchemical and microphysical con- 
taminants cause greater concern. These 
contaminants include radioactivity and 
such potentially toxic materials as de- 
tergents, insecticides, herbicides, and 
trace elements that may have a long- 
term effect on the human system. Very 
little is known about the physiologic 
effect of waterborne substances, partic- 
ularly the new “exotic” substances that 
are increasingly evident as water con- 
taminants. Water quality must never 
be taken for granted. 

The water supply man of the future 
will have many new research tools to 
utilize in producing a safe and ade- 
quate water supply. Radioisotope tech- 
nique, for example, is a new tool de- 
veloped only within the last 10 years. 
The radioisotope tracer technique can 
be useful in determining the behavior 
and flow rate of water by specific 
studies. It is applicable for studying 
the rate of precipitation, character- 
istics of flow in streams, erosion by 
running water, characteristics of flow 
through geologic formations, recharg- 
ing of aquifers, and the storage and 
contamination of water supplies. The 
scientist today has more powerful mi- 
croscopes and a wide variety of new 
chemical and physical analytic devices 
to increase the sensitivity and the 
rapidity of his examinations. Man- 
agement also has new tools, includ- 
ing electronic computers, mathematical 
models for the analysis of systems 
operations, and even airplane surveys. 

The number of water resource agen- 
cies and research centers is growing. 
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These will put to work more scientists 
and engineers who can provide the 
type of research information that is 
needed. The trend of federal support 
for research is increasing, both in 
terms of research project grants and 
also in other types of support. These 
include research fellowships and train- 
ing grants to recruit needed research 
personnel, and also construction grants 
for research facilities to assist in the 
provision of adequate research centers. 

The progress made so far is encour- 
aging. All four divisions of AWWA 
—Resources, Purification, Distribution, 
and Management—need to develop 
and put to use the results of water 


TABLE 8 
Water Supply Problems in 1887 and 1957 


1957 


Coagulation 
Corrosion 
Disinfection 
Taste & Odor 
Toxicity 

Trace elements 
Radioactivity 
Recovery 
Saline water 


1887 
Coagulation 
Corrosion 


Disinfection 
Taste & Odor 


research. 


The principal problem con- 
cerns the question of whether or not 
there is now sufficient manpower at 
work on the research that is needed. 
Certainly there is no progress without 
some investment. 


Conclusions 


Five years have passed since an 
Committee on Research 
Needs,® under Martin Flentje as chair- 
man, submitted its report. The com- 
mittee recommended that the Associa- 
tion actively undertake “the support of 
research and the training of research 
scientists and engineers in those areas 
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of interest to members of the Associa- 
tion,” and that it provide financial sup- 
port for these purposes. At that time, 
the committee also proposed eight 
subjects for research and suggested 
that projects should be activated by 
the Association. The studies proposed 
included suppression of evaporation 
losses; principles of flocculation; re- 
moval of detergents; iron and man- 
ganese; control of corrosion; water 
hammer effects; and improved leak 
detection devices. Although some re- 
search is now underway on nearly all 
of these subjects, and the results of this 
research will be useful, the problems 
are far from solved. 

More recently, Seeger and Apple- 
yard *° discussed management concepts 
of future advancements that they term 
“blue sky thinking.” The authors 
point out that all of these advance- 
ments will not just happen. They 


recognize that active research projects 


(not just confined to treatment proc- 
esses) are needed. They suggest that 
applied research, adapting processes 
already developed in other industries, 
would be of use to water utilities. 

It is certain that a great amount 
of research will be carried on in the 
United States during the next decade. 
Ruzic '' has estimated that during the 
1960’s approximately 160 billion dol- 
lars will be invested in research and 
development. What this means is that 
the amount of money and human en- 
ergy to be expended in the coming 
10-year period will be equivalent to, or 
greater than, all that spent on research 
and development since the United 
States came into being. 

How much money manpower 
will be spent on research and develop- 
ment in the water supply industry? 
Data have been presented in terms of a 


and 


1958 US Research Inventory—recog- 
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nized as incomplete—suggesting that 
the total present support of water re- 
search in the United States is nearly 
$1,700,000 per year. This convenient 
figure is proposed because it is equiv- 
alent to 1 cent per capita per year. It 
is not very much. 

Research is recognized by most bus- 
inesses as necessary and profitable. It 
represents an investment in dollars and 
manpower to develop fresh approaches, 
new ideas, and new techniques. A re- 
search program to be most effective 
should be designed to solve problems 
in the specific field it is to serve. 
Needed are ideas, men, money, and 
facilities. 

The American water supply industry 
has provided very limited funds for the 
support of research. Certainly the in- 
dustry itself is most qualified to iden- 
tify its research needs and establish 
priorities for their study. The industry 
can also best integrate and coordinate 
the overall effort in this direction. It 
should support research through its 
own resources and should see that re- 
search information is disseminated to 
the entire water supply industry. 

Industry and government support of 
research would serve to supplement 
and complement each other. <A _ re- 
search program should be undertaken 
by the American water supply industry 
to provide the leadership and support 
needed for long-range planning. 
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research grant. 

University of Kansas, Lawrence. 
Synthetic Detergent Removal in Mu- 
nicipal Water Supplies. R. T. Page. 
Support: University of Kansas. 


Maryland 

Johns Hopkins University, Balti- 
more. Removal of ABS From Potable 
Water by Treatment Modification. 
C. E. Renn. Support: AASGP. 

Johns Hopkins University, Balti- 
more. Improvement of Molecular 
Membrane Bacteriological Techniques. 
C. E. Renn. Support: Salem-Brosius, 
Inc. 


Massachusetts 


Massachusetts Institute of Technol- 
ogy, Cambridge. Corrosion Control in 
Potable Water Systems. Rolf Elias- 
sen. Support: American Iron & Steel 
Institute, AWWA, and John B. Pierce 
Foundation. 


Michigan 

Michigan State University, Fast 
Lansing. Toxicity of Cadmium and 
Hexavalent Chromium in Water Sup- 
plies. R. U. Byerrum. Support: fed- 
eral research grant. 

Michigan State University, East 
Lansing. Protective Coatings in Water 
Distribution Systems. R.F. McCauley. 
Support: federal research grant. 
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University of Michigan, Ann Arbor. 
Drought Flow Characteristics of Mich- 
igan Streams. C. J. Velz. ‘Support: 
state. 

Wayne State University, Detroit. 
Determining Radioactive Isotopes in 
Water and Sewage. R. B. Hahn. 
Support: federal research grant. 


New Hampshire 


University of New Hampshire, Dur- 
ham. Enterococci as Indicators of Pol- 
lution Using Membrane Filter. L. W. 
Slanetz. Support: federal research 
grant. 


New York 


Columbia University, New York. 
Dispersion in Flow-Through Porous 
Media. Eugene Simpson. Support: 
federal research grant. 

Manhattan College, Riverdale. Sta- 
tistical Analysis on Drought Flows in 
New York State. Manhattan College. 
Support : state. 

Manhattan College, Riverdale. Sta- 
tistical Analysis of Drought Flows in 
Rivers of New York State. D. J. 
©’Connor. Support: state. 


North Carolina 


University of North Carolina, Chapel 


Hill. Cholinesterase Activity of Fish 
Brain Tissue. C. M. Weiss. Support: 
federal research grant. 

University of North Carolina, Chapel 
Hill. Kinetics and Mechanism of Re- 
actions Involving Chlorine Dioxide. 
M. L. Granstrom. Support: federal. 

University of North Carolina, Chapel 
Hill. Coagulation of Colloids Having 
Hydroxyl, Amino, or Carboxyl Groups. 
M. L. Granstrom. Support: federal 
research grant. 
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Ohio 


Kenyon College, Gambier. Spectro- 
photometric Determination of Ions in 
Wastes and Water. J. M. Pappen- 
hagen. Support: federal research 
grant. 

Ohio River Valley Water Sanitation 
Commission, Cincinnati. Continuous 
Recording and Transmission of Water 
Quality Data. Ohio River Valley 
Water Sanitation Commission. Sup- 
port: state. 

Rk. A. Taft Sanitary Engineering 
Center, Cincinnati. Improvement of 
Analysis of Organics in Polluted 
Water. F. M. Middleton. Support: 
federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Significance of 
Protozoal and Metazoal Organisms in 
Water. S. L. Chang. Support: 
federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Enumeration of 
Bacterial Indicators of Contamination. 
H. F. Clark. Support: federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Role of Water in 
the Transmission of Viral Diseases. 
N. A. Clarke. Support: federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Efficiency of Silver 
as a Germicidal Agent. C. W. Cham- 
bers. Support: federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Analysis of Taste 
and Odor Compounds From Algae and 
Actinomycetes. C. M. Palmer. Sup- 
port: federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Effects of Im- 
poundments on Water Quality. F. W. 
Kittrell. Support: federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Filtration Experi- 
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G. G. Robeck. Support: federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Removal of Coli- 
form Organisms in Water Treatment 
Processes. Graham Walton. Support: 
federal. 

R. A. Taft Sanitary Engineering 
Center, Cincinnati. Conservation and 
Reuse of Water. Graham Walton. 
Support : federal. 

University of Toledo, Tolede. Ap- 
plication of Dolomite Lime in_ the 
Treatment of Water. R. E. Martin. 
Support: Finishing Lime Association 
of Ohio. 


Oklahoma 


Oklahoma City Water Department, 
Oklahoma City. Lake Hefner Evap- 
oration Reduction Studies. M. B. Cun- 
ningham. Support: state-local. 

Oklahoma State Department of 
Health, Oklahoma City. Isolation of 
Virus in a Municipal Water Supply 
Reservoir. F. R. Hassler. Support: 
federal-local. 


Oregon 

Oregon State College, Corvallis. 
Road Building and Logging Effects on 
Erosion and Sedimentation. R. H. 
Ruth. Support: Oregon State Forest 
Service. 
Pennsylvania 

Mellon Institute, Pittsburgh. Origin 
of Tastes and Odors in Drinking 
Water. R. D. Hoak. Support: Amer- 
ican Iron & Steel Institute. 


Tennessee 


Tennessee Department of Public 
Health, Nashville. Preservation of 
Enteric Organisms With Chelating 
Agents. E. L. Shipe. Support: fed- 
eral research grant. 
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Texas 

Baylor University, Waco. Toxic 
Properties of the Blue-Green Algae. 
F, F. Davidson. Support: federal re- 
search grant. 

North Texas State College, Denton. 
Chemical and Physical Quality of Lake 
Texoma Water. J. K. G. Silvey. 
Support: federal research grant. 
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University of Texas, Austin. Ground 
Water Recharge as Affected by Phos- 
phate Solubilities. E. F. Gloyna. Sup- 
port: industrial organization. 


Utah 


Utah State University, Logan. Water 
Supplies and Utilization in Various 
Utah Counties. J. M. Bagley. Sup- 
port: state. 


Water Research Projects: 1959 USPHS Research Grants 


California 


California Institute of Technology, 
Pasadena. Characteristics of Flow 
Through Expanded Porous Media. 
N. H. Brooks. 

California Institute of Technology, 
Pasadena. The Resuspension of Floc- 
culent Solids in Sedimentation Basins. 
A. C. Ingersoll. 

Stanford University, Stanford. Evap- 
oration Suppression and Effects on 
Biota. J. B. Franzini. 

University of Southern California, 
Los Angeles. The Chromatographic 
Assay of Extracellular Products of 
Algal Metabolism. R. C. Merz. 


District of Columbia 

Georgetown University, Washing- 
ton, D.C. Rapid Bacteriological De- 
terminations by Radioisotopic Meth- 
ods. W. C. Hess. 


Florida 


University of Florida, Gainesville. 
A Comprehensive Study of Water Co- 
agulation. A. P. Black. 


Illinois 


University of Illinois, Urbana. Fun- 
damental Factors in Treatment of 


Iron-Bearing Waters. R. S. Engel- 
brecht. 

University of Illinois, Urbana. Chro- 
matographic Analysis for Organic 
Acids in Water. T. E. Larson. 

University of Illinois, Urbana. Ef- 
fect of Minerals in Water on Radio- 
activity Counting. T. E. Larson. 

University ef Illinois, Urbana. Anal- 
ysis of Trace Amounts of Detergents 
in Water. R. S. Juvet Jr. 

University of Illinois, Urbana. Cor- 
rosion and Tuberculation in Distribu- 
tion Systems. T. E, Larson. 


Indicna 


Purdue Research Foundation, La- 
fayette. Methods of Analysis for Liq- 
uid Chlorine. M. G. Mellon. 


Massachusetts 


Harvard University, Cambridge. 
Analytical Procedures for Metal Con- 
taminants. J. C. Morris. 

Harvard University, Cambridge. 
Oxygenation Rate of Ferrous Iron in 
Natural Waters. Werner Stumm. 

Lawrence Experiment Station, Law- 
rence. Methods for Measuring the 
Coliform Content of Water. J. A. 
McCarthy. 
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Michigan 

Michigan State University, East 
Lansing. Toxicity Studies on Cad- 
mium and Hexavalent Chromium in 
Concentrations That May Be Expected 
in Public Water Supplies. R. U. 
Byerrum. 

Michigan 
Lansing. 
Water Distribution Systems. 
McCauley. 


HARRY 


State University, [ast 
Protective Coatings for 
R. F. 


Missouri 


Washington University, St. Louis. 
Characterization of Extracts From the 
Missouri River. D. W. Ryckman. 


New Hampshire 


University of New Hampshire, Dur- 
ham. Enterococci as Indicators of 
Water Pollution. L. W. Slanetz. 


New York 

New York University, New York. 
Quantitative Determination Uric 
Acid in Polluted Waters. 
Edwards. 
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North Carolina 

University of North Carolina, Chapel 
Hill. Use of Fish to Detect Organic 
Insecticides in Water. C. M. Weiss. 
Ohio 

Kenyon College, Gambier. Deter 
mination of Ions in Wastes and 
Waters. J. M. Pappenhagen. 

Ohio State University, Columbus. 
Fluoride-Triggered Electrode 
tions. William MacNevin. 


Reac- 


Pennsylvania 

University of Pittsburgh, Pittsburgh. 
Physiological Aspects of Water Qual- 
ity. M. A. Shapiro. 


Tennessee 


Tennessee Department of Public 
Health, Nashville. Preservation 
Enteric Bacteria With Chelating 
Agents. E. L. Shipe. 


of 


Texas 

Baylor University, Waco. Toxic 
Properties of Blue-Green Algae. F. F. 
Davidson. 


Water Research Projects: R. A. Taft Sanitary Engineering 
Center, Cincinnati, 1959 


Conservation and Reuse of Water: 
Evaporation Reduction. S. L. Chang. 

Significance of Protozoal and Meta- 
zoal Organisms in Water. S. L. Chang. 

Evaluation and Improvement of 
Water Treatment Processes: Funda- 
mental Studies of Chemical Treatment 
of Water. J. M. Cohen. 

Role of Algae in Environmental 
Sanitation: Algal Growths in Surface 
Waters. C. M. Palmer. 


Role of Algae in Environmental 
Sanitation: Algae and Other Interfer- 
ence Organisms in Water Supplies. 
C. M. Palmer. 

Evaluation and Improvement of 
Water Treatment Processes: Small 
Water Supply Systems. G. G. Robeck. 

Evaluation and Improvement of 
Water Treatment Processes: Analysis 
of Filter Design Criteria. G. G. Ro- 
beck. 
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Proposal for AWWA Sponsorship of Research 


Thurston E. Larson 


An introduction to a discussion led by Thurston E. Larson, Head, 


Chemistry Sec., Illinois State Water Survey Div., 


Urbana, Ill., and 


Chairman, Research Subcommittee of Committee 1550—Ad Hoc Com. 
on Review of AWWA Aims and Objectives 


A discussion of what has been done 
and what should be done in research 
on public water supply problems has 
heen carried on intensively by the 
Research Subcommittee of Committee 
1550—Ad Hoc Com. on Review of 
AWWA Aims and Objectives, ever 
since Harry Faber, now a member of 
the subcommittee, presented his chal- 
lenging report on the subject last year.’ 
Out of this discussion has come a pro- 
posal to establish a water research in- 
stitute as an independent nonprofit cor- 
poration in affiliation with AWWA. 

In presenting this idea, the sub- 
committee recognized that the develop- 
ment of an institute would and should 
take time—several years, in fact—so 
that the organization would be han- 
dled in an orderly manner. It was 
also pointed out that a designated nu- 
cleus of members of AWWA would 
be best able to handle the organization 
job. 

Although this statement was made, 
concern has been expressed about the 
details of development and the magni- 
tude of the proposal. The subcom- 
mittee, whose acceptance of the report 
was unanimous, did not concern itself 
with development problems, but lim- 
ited its report to the final objective. 
Meanwhile, a number of other state- 
ments on research have been presented 
to the Aims and Objectives Committee 
for consideration, and the present 
status of this proposal is only that of 
a subcommittee report. But, because 
it presents one method of approaching 
a problem on which the committee 


would like to have the comment of 
members, it is presented here in full. 


Proposal 

It is proposed to establish the Water 
Research Institute as an independ- 
ent, nonprofit corporation in affiliation 
with the American Water Works 
Association. 


Objectives 


The objectives of the corporation 
shall be to contribute to the present 
and future progress of the water util- 
ities industry—and, inherently, to the 
public good—by developing a construc- 
tive and collective research program 
and by providing methods of receiving 
and administering dues, contributions, 
gifts, and grants-in-aid for the support 
of the research program. 


Purposes 


The Water Research Institute shall 
be organized under articles of incor- 
poration designed to: 

1. Promote the stated objectives by 
encouraging, supporting, and conduct- 
ing research and scientific investiga- 
tions in the fields of water resources, 
transmission, processing, distribution, 
and management, and by acquiring and 
disseminating knowledge in relation 
thereto 

2. Receive or acquire by devise, 
gifts, or otherwise, any money or prop- 
erty, either absolute or in trust to be 
used, either the principal or income 
therefrom, as may be directed for the 
furtherance of any of the purposes 
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which may be within its corporate 
powers 

3. Purchase, sell, or lease property, 
real, personal, or mixed, for the benefit 
of the Institute 

4. Create, purchase, hold, and sell 
patent rights in the interest of the 
public welfare for inventions, designs, 
and copyrights, with the right to issue 
licenses for the exercise of rights rela- 
tive to said inventions, designs, and 
copyrights, and to receive payments 
therefrom and to use and apply all 
moneys thus received for the fostering 


Affiliate 
Members 
AWWA 


WATER RESEARCH 
INSTITUTE 


Sustaining 
Members 


BOARD OF 
TRUSTEES 


Research Support and 
Policy Decisions 


SECRETARY-DIRECTOR 


Executive Officer 
for Administration 


EXECUTIVE COUNCIL ADVISORY COUNCIL 


Reviews and Evaluates 
Applications 


Acts on Applications 
and Develops Plans 


Fig. 9. Proposed Organization Chart 


The Water Research Institute is pro- 
posed as an independent, nonprofit cor- 
poration in affiliation with AWWA. 


and advancement of research and sci- 
entific investigations. 


Organization 


Membership in the Institute shall 
consist of affiliate members and sus- 
taining members. Affiliate members 
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shall be the American Water Works 
Association and others, as may be 
designated by the Board of Trustees. 
Sustaining members shall be any quali- 
fied public or private water utility, 
firm, or corporation, or any qualified 
organization or individual interested in 
supporting the objectives of the cor- 
poration, subject to approval by the 
Board of Trustees (Fig. 9). 

The affairs of the Institute shall be 
managed by a Board of Trustees con- 
sisting of twelve trustees, or such 
greater or lesser number as may be 
determined, elected as representatives 
of the sustaining members of the Insti- 
tute. The Board of Trustees shall have 
the power to hold and conduct meet- 
ings at times and places as they may 
think proper, to make policy decisions, 
to admit members, and to collect and 
disburse the funds of the Institute. 


Officers 


A President and Vice-President shall 
be elected from the membership of the 
Board of Trustees to perform the duties 
necessary to these offices. A Secre- 
ary-Director shall be appointed by the 
Board of Trustees, to serve as the Di- 
rector of the Institute. A Treasurer 
shall be appointed by the Board of 
Trustees. The offices of Secretary- 
Director and Treasurer may be held 
by the same person. The salaries of 
appointed officers shall be determined 
by the Board of Trustees. 


Operations 


The operations of the Institute to 
promote the stated research and scien- 
tific investigations shall be the duty of 
the Secretary-Director. The operations 
include responsibilities for providing 
secretarial services and maintaining 
communications among the Board of 
Trustees, the Executive Council, and 
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the Advisory Council. The operations 
also include responsibilities for admin- 
istration of the actions and plans of the 
Executive Council. 

The Executive Council shall consist 
of twelve members comprised of six 
elected representatives of the sustain- 
ing members of the Institute, one 
elected representative of each Division 
of AWWA, the Secretary of AWWA, 
and the Manager of WSWMA. The 
Executive Council shall meet bien- 
nially, or more often as necessary, and 
shall elect a Chairman and Vice-Chair- 
man from its membership. 

The Executive Council shall, after 
consideration of the recommendations 
of the Advisory Council, determine the 
appropriate action on all grants or con- 
tractual arrangements for research and 
scientific investigations. The Execu- 
tive Council shall also have the respon- 
sibility for developing long-range plan- 
ning for the research and _ scientific 
investigations of the Institute. 

The Advisory Council of the Insti- 
tute shall consist of twelve members, 
or such lesser or greater number as 
may be recommended, appointed by 
the Executive Council from individuals 
proposed by the Secretary-Director. 
Its membership shall be comprised of 
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nationally recognized research author- 
ities, with at least one representative 
in the fields of geology, engineering, 
chemistry, bacteriology, biology, public 
health, and management. 

The Advisory Council shall deter- 
mine the scientific merit of all grants 
or contractual investigations submitted 
to it, and shall have the responsibility 
of assisting the Secretary-Director in 
preparing his recommendations to the 
Executive Council. 

Committees may be appointed by the 
Executive Council at the request of the 
Secretary-Director to assist in special 
purposes as may be necessary. 


Committee 


Members of the Research Subcom- 
mittee to whom comment on this pro- 
posal should be addressed are H. A. 
Faber, P. D. Haney, S. H. Hopper, 
A. A. Kalinske, V. W. Langworthy, 
D. A. Okun, W. B. Schworm, J. K. 
G. Silvey, Loring Tabor, R. E. 
Thompson, W. W. Towne, and T. E. 


Larson (Chairman). 


Reference 


1. Faper, H. A. Public Water 
Needs Research Now! 
3:2 (Nov. 1959). 
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Duties and Responsibilities of the Water 
Utility Manager 


William R. Seeger 


A paper presented on May 19, 1960, at the Annual Conference, Bal 
Harbour, Fla., by William R. Seeger, Gen. Mgr. & Chief Engr., Marin 
Munic. Water Dist., San Rafael, Calif. 


Y far the great majority of water 

utilities in the United States are 
small organizations in which men rise 
from positions as operators to man- 
agerial positions as a matter of routine 
promotion, usually without benefit of 
special training in the field of manage- 
ment. It is to such men that this arti- 
cle is directed. It is hoped that it will 
help clarify just what it means to be 
a utility manager, and what a water 
utility man can do to prepare himself 
for a position in the management and 
administrative branches of the industry. 


Responsibilities 

The responsibilities of the water 
utility manager are threefold: first, he 
is responsible to the controlling body 
of the utility he manages; second, he 
is responsible to the employees who 
form the working organization; and 
third, he is responsible to the commu- 
nity his utility serves. Until recently, 
these were the only groups with whom 
the manager dealt directly, but now, 
in the author’s opinion, the manager’s 
responsibility extends to the whole in- 
dustry. This idea is one of the basic 
themes of AWWA’s Water Utility 
Advancement Program, whose object 
is to foster professional advancement 
of present and potential utility man- 


agers. AWWA is tackling one of the 


most serious problems of the water 
supply industry, the shortage of enough 
adequately trained men to manage the 
nation’s 18,000 water systems. Stud- 
ies have already pointed out the fact 
that water utilities have fallen far be- 
hind other utilities and other industries 
in providing incentives, training, and 
opportunities to engineers and other 
trained people for careers in the water 
supply profession. The long-range 
objectives of the Advancement effort 
are: 

1. To provide the tools for self- 
improvement through education of 
present and potential water utility 
managers 

2. To improve communication in the 
water supply field through increased 
participation of water utility manage- 
ment in AWWA activities 

3. To recruit, develop, and retain 
a professional group of managers 
through the development of an 
AWWA personnel service program 

4. To develop among community 
governing bodies suspport for local 
water utility participation in the 
Advancement Program and_ other 
AWWA activities. 


Typical Manager’s Day 
During a typical manager’s day, he 
may become involved in administrative 
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problems, personnel problems, the 
writing of publicity and news releases, 
the handling of public relations, estab- 
lishing a planning program for the 
utility, and, most important of all, 
the investigation and development of 
means of financing the operation of the 
utility. In addition, he may be in- 
volved in such things as production, 
sales, purchasing, or questions of law. 
He may also be called upon to enter 
into the public affairs of his commu- 
nity or take on other assignments par- 
ticularly pertinent to his particular job 
and area. 


Large and Small Utilities 


One of the major differences be- 
tween the manager of a large metro- 
politan water utility and the manager 
of a small utility is that in the larger 
organization the manager acts as the 
general overseer of the various func- 
tions established in the organization, 
whereas in the small utility he becomes 
directly responsible for managing the 
various functions. In other words, the 
small-utility manager is “chief cook 
and bottle washer” for everything in- 
volving management, and consequently 
he must have a general, but not neces- 
sarily detailed, knowledge of all of the 
various phases of management. There 
is basically no real difference between 
the principles followed in a large or- 
ganization and those of a small organi- 
zation, there being only one set of 
good business principles. The 
of the activity and the number of per- 
sonnel assigned to the management 
phase of the organization are the dif- 
ferentiating factors. 


Review of Organization 


scale 


When a water plant operator has 
been fortunate enough to receive an 


MANAGER’S RESPONSIBILITIES 


assignment as a manager of a small 
utility, probably his first question is, 
“What do I do to review this organi- 
zation to see whether good business 
principles are being followed?” If he 
has not had specific training in the 
management field, he may very well 
ask, “What do I personally do to 
familiarize myself with the organiza- 
tion?” His first action should be 
to seek answers to the following 
questions : 

1. Is there a written plan of organi- 
zational procedure ? 

2. Has an organization chart been 
established, outlining the various busi- 
ness functions carried on by the utility 
and defining the duties and responsi- 
bilities of the various employees? 

3. Has an advance-planning pro- 
gram been developed sufficiently so 
that the utility’s needs for the next 20 
years are set forth in a workable 
program? 

4. Is there a workable budget to 
control the financial expenditures? 

5. What other administrative con- 
trols are in effect? 

6. Are the organization generally 
and the key personnel specifically con- 
versant with the principles of modern 
business operation ? 

7. How much does each of the key 
personnel know about his particular 
job? Is he sufficiently familiar with 
it to train a subordinate ? 


Preparation for Management 


For ultimate success in the manage- 
ment field it is absolutely essential that 
a prospective manager take steps to 
prepare himself for the work. It is 
not necessary for him to take a highly 
technical college course in business 
management, but he should pursue a 
program of study and research and 
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avail himself of various periodicals 
dealing with management. Much is 
to be learned, for example, from read- 
ing the quarterly bulletins being issued 
in Willing Water as a part of the 
AWWA Water Utility Advancement 
Program. 

Although help from others is gener- 
ally necessary, the preparation of a 
man for successful work in manage- 
ment is largely a matter of self- 
education. A very brief search will 
reveal that there are many opportuni- 
ties offered today in the field of man- 
agement study. Practically all of the 
university extension divisions have 
courses in management, and many 
local colleges are only too anxious 
to set up courses in the field of 
management. 

Hopeful prospects for the manage- 
ment field often ask the question, what 
must a person have or what must he 
be to become a success in this field? 
There are, of course, many desirable 
qualities, but the possession of the 
four following characteristics go a long 
way toward promoting a_ successful 
management career: 

1. General management competence. 

2. Ability to understand and direct 
technical personnel. 

3. A normal amount of human intel- 
ligence. 

4. Capabilities of leadership. 

In addition to possessing these four 
characteristics, in order to increase his 
broad understanding of his overall 
functions a manager needs to keep in 
mind that: 

1. His technical ability is of limited 
help to him except as the management 
job involves the making of technical 
decisions. 

2. He will find it necessary to bal- 
ance and blend much new knowledge 
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with his present technical knowledge 
in order to be a good manager. These 
new areas necessarily include organi- 
zation, management, administration, 
research, finance, production, sales, 
law, personnel, public relations, public 
affairs, as well as others that are 
unique to each business situation. 

3. Good management requires the 
ability to obtain the best utilization of 
manpower. This cannot be achieved 
without first knowing both what things 
really need to be done and how to get 
maximum output from people. 

As a guide to self-analysis of future 
utility managers, five attributes are 
commonly accepted as indicative of a 
good manager : 

1. Ability to contact people at their 
own level and to communicate in fairly 
friendly attitudes. 

2. Ability to delegate responsibility 
and authority. 

3. Possession of basic objectives as 
guiding rules for organization. 

4. Possession of inspiration and 
ability to develop it in the organization. 

5. Readiness to recognize results ac- 
complished by staff and employees. 


Principles of Good Management 


During the past years, many books, 


articles, and talks have elucidated 
what, in the opinion of various authori- 
ties, makes up good management. 
Space does not permit a review of the 
many varied opinions, nor does the 
author feel it is necessary; they can all 
be summarized in the following seven 
rules of good management practice : 

1. Business should be kept on a high 
moral code. 

2. Principles of management should 
be reduced to writing so that everyone 
in the organization knows what they 
are. 
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3. Opinions should be expressed 
freely both by management and sub- 
management personnel. 

4. Employees should be kept fully 
informed at all times concerning activi- 
ties of the business. 

5. Problems should be looked into 
and sincere efforts made to solve them 
in accordance with good management 
practice. 

6. The performance of employees 
should be reviewed and they should 
be commended for good sincere effort. 

7. A realistic promotion and wage 
program should be established and 
maintained. 


Budgets and Fiscal Planning 


A budget is the basic control 
needed for the operation of any organi- 
zation. Often when small organiza- 
tions hear the word “budget” they 
become unduly fearful, but budgets 
are merely a method of controlling 
expenditures as compared to income. 
In large organizations, preparation of 
the budget consumes many months. 
In fact, in the large metropolitan or- 
ganizations, budgets are worked out 
in preliminary form a year in advance. 
Actually, however, a basic budget can 
be developed on a single page which 
sets forth on one side the anticipated 
expenditures to be made and on the 
other side the anticipated revenues to 
be received. Of course, much time 
and paper could be devoted to the 
preparation of a budget, but if manage- 
ment is fully aware of the need for 
and value of developing a budget pro- 
gram, the basic objective will have 
been accomplished. 

The mere existence of a budget is 
not enough to operate satisfactorily ; 
the budget must be coupled with a 
planned program of expenditures. 
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This again takes the same form as a 
budget. It can be as short or as com- 
plicated as dictated by the complexity 
and size of the organization. The 
planning program merely allocates the 
available monies to various categories 
of expenditure. Basically, what a 
planning program will do is prevent 
overexpenditures. 

Under a proper budgetary and 
planning program, money will often 
be accumulated from one year’s opera- 
tion during a period of light expendi- 
tures and can then be allocated for 
expenditures during heavy construc- 
tion years. The absolute necessity for 
the development of budgeting and 
planning controls, even if they consist 
of only two pieces of paper, cannot be 
emphasized too strongly, regardless of 
the size of an organization. There 
must be some type of planned program 
that can serve as a guide to the annual 
operations of the utility. 


Public Relations and Publicity 


Another important item which is es- 
sential to the success of any utility is 
a good, sound public relations and 


publicity program. This again is pri- 
marily the responsibility of the man- 
ager. The author believes that one of 
the manager’s most important respon- 
sibilities, after planning and financing, 
is the matter of public relations or, 
more specifically, community relations. 
The manager must keep the public in- 
formed concerning his utility’s opera- 
tion; it is vital that the public know 
about the utility’s plans, problems, and 
day-to-day operations. 

The manager must remember at all 
times that a water utility is a service 
organization and that it is its duty 
to keep the public informed of its 
operations and plans. A municipally 
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owned utility depends upon the public 
to finance operations. In a sense, the 
customers are also stockholders in 
the business. Therefore, a manager 
must have them on his side, so that 
they will give him a favorable response 
when utility improvements are neces- 
sary. He may have to win their sup- 
port of rate increases and of improve- 
ment bond issues. Every utility, re- 
gardless of how small, should set up 
a program of public relations and pub- 
licity. The energy expended on a 
good public relations program will pay 
manifold dividends. 


Personnel Administration 


One of the most important jobs a 
manager has is to develop smooth, 
compatible employee relations. Every- 


one is aware that a tremendous amount 
of money is spent by industry on main- 
tenance programs to prevent mechani- 


cal breakdowns and to insure continu- 
ity of operation. It is only logical that 
every bit as much effort and care 
should be expended by management 
in the handling of its people, who 
are, after all, a very important part 
of the productive “machinery” of 
any organization. 

The following ten rules of good em- 
ployee relations have been evolved 
from years of practice and study by 
leeders of thought in this field: 

1. Hire employees in a considerate, 
orderly, and dignified manner; decent 
treatment evokes decent response. 

2. Pay wages based on scales pre- 
vailing for similar work elsewhere in 
the community, with due recognition 
of the need for providing a healthful 
and decent living standard. 

3. Deal with employees in a man- 
ner calculated to bring mutually satis- 
factory results, whether through col- 
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lective or individual negotiations. Es- 
tablish an orderly procedure for 
prompt and impartial ascertainment, 
consideration, and adjustment of 
grievances. 

4. Promote workers to better and 
more responsible jobs to the extent 
of their capabilities whenever possible 
and encourage that spirit of incentive 
found in every self-respecting man. 

5. Establish through every possible 
means the self-respect of workers and 
make them feel they are part of the 
team—not just numbers on a _ time 
clock. 

6. Dispel inaccurate or distorted 
ideas as to company policies, earnings, 
and profits by giving the employees 
frank statements on company prob- 
lems and aims. 

7. Train both supervisors and em- 
ployees to build up the highest degree 
of efficiency and incentive. 

8. Protect employees by carefully 
planned and executed safety programs, 
and advise and educate workers 
through health and nutrition programs 
how to build up their stamina. 

9. Provide job regularity and secu- 
rity to the fullest extent that economic 
conditions will allow. 

10. Encourage and carefully con- 
sider all constructive workshop ideas 
that employees may advance. 


Delegation of Authority 


One of the greatest probleins to be 
solved and handled by anyone new to 
the management field is learning to 
delegate authority. It is natural for a 
man to feel that he can do some jobs 
better than anybody else. It is only 
with difficulty that he allows someone 
else to do the job for him. Many peo- 
ple cling to the old adage, “If you want 
it done well, do it yourself.” If a man 
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is to become a successful manager, at- 
titudes such as this have to change. 
Many businessmen are rediscovering 
that one way to get more work done 
is to delegate. They are recognizing 
that the higher a man gets up the ex- 
ecutive ladder, the more he is judged 
by his success in directing other people. 
Delegation is not easy. The idea of 
handing over to someone else a job 
one knows he can do perfectly well 
himself goes against the grain for 
many people. In addition, the proper 
steps to take toward decentralization 
and delegation can be puzzling. 
Critics allege that the engineer 
turned manager often goes right on 
trying to do everything himself, which 
is one sure way of hampering the effi- 
ciency of any organization. It seems 
to be particularly true of engineering 
mariagers that they find it difficult to 
give up knowing all that goes on in 
They 


a given department or section. 
seem to shy away from trusting sub- 
ordinates and letting them go on their 
own. 

A much quoted formula for man- 


agerial success is: analyze, organize, 
deputize, supervise. This formula 
says much in four words. The big 
question is how to go about it. 

How can a manager train himself 
to delegate authority properly? It 
must be remembered that when a man 
is given new responsibility, manage- 
ment must make it possible for him to 
accomplish what it wants him to do. 
This involves the following _ basic 
steps : 

1. He must be given a clear picture 
of what he is to do and how much au- 
thority he has to get it done. 

2. The scope of the job must be 
defined for him. This is essential to 
keep him on the right track. 
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3. He must be acquainted with the 
people with whom he has to deal. 

4. The importance of the job must 
be specified. 

5. He must be coached a little and 
prepared psychologically for new 
responsibilities. 

6. The manager must at all times 
retain control of the operation. It 
must be remembered that when he 
delegates, he never really gets rid of 
the final responsibility. 

7. Management must be sure to fol- 
low up. It is not wise to wait until 
the job that has been delegated is com- 
plete, because errors could be too ex- 
pensive and too hard to correct. 

There are a number of good reasons 
why management should delegate work 
and let subordinates share the load. A 
few of the basic reasons are: 

1. Delegation produces better 
swers to specific problems. 

2. Delegation promotes better 
derstanding in the organization. 

3. When subordinates assist in for- 
mulating decisions, they are better able 
to accept and understand management 
decisions and the reasons for them. 

4. Subordinate participation devel- 
ops a sense of loyalty to the organi- 
zation. 

5. Delegation develops a succession 
of management and administrative 
personnel. 

6. Delegation eases the load on the 
manager. 

Although he cannot recall the source, 
the author once read and noted some- 
thing quite pertinent to the problem of 
delegating responsibility: “In a mod- 
ern industrial society the fundamental 
antagonism is not between those who 
own capital and those who do not, 
important though that distinction may 
be, but is between those who take re- 


an- 


un- 


Sep. 1960 
> 
ji 
TE 
fei 


WILLIAM 


sponsibility and manage and discipline, 
and those who are given no responsi- 
bility and are managed and disciplined, 
and no solution of industrial problems 
is possible unless that antagonism is 
removed.” 


Managerial Pitfalls 


Sometimes men learn best by their 
mistakes. Certainly, in the field of 
management, there have been many 
failures. Extensive and exhaustive 


study indicates many managers have 
failed because : 

1. They listened only for what they 
wanted to hear. 

2. They failed to create a genuinely 
permissive atmosphere in which the 
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subordinate felt free to express him- 
self frankly and completely. 

3. They did not recognize that their 
real strength rests not in themselves 
but in the people they manage. 

4. They permitted distractions, 
petty irritations, and prejudices to di- 
vert them from the main track in the 
discussion of business problems with 
their associates and subordinates. 

5. They did not recognize the need 
for getting an employee’s complete 
participation. 

6. They paid only lip service to the 
principle of two-way communication. 

Correction of these faults is an im- 
portant step toward creating success- 
ful executive management. 
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Use of Aerial Photography for Preparation 
of Distribution System Maps 
William S. Staub and Cramer G. Bollinger——— 
1 paper presented on Mar. 25, 1960, at the West Virginia Section 


Meeting, Huntington, W.Va., by William S, Staub, Partner, Kelley, 
Gidley & Staub, Cons. Engrs., Charleston, W.Va., and Cramer G. Bol- 


linger, Partner & Gen. Mgr., W. 
Photographers, Charleston, W.Va. 


N a study of water projects for small 

communities, one of the first obsta- 
cles generally encountered is the lack 
of an adequate map showing facilities 
in the community. Inadequate maps 
also impede studies involving the dis- 
tribution system of an existing water 
property. If a map is available, it is 


usually old, incorrect, and does not 
show corporate changes, changes of 


streets, or additions to property. In 
most instances, updating an existing 
map is a very time-consuming and 
costly process; furthermore, the map 
may contain basic errors. It has been 
found that a very satisfactory method 
for preparing project maps is by utiliz- 
ing techniques of aerial photography. 
This method has been used in several 
recent projects, and, as it has proved 
satisfactory, further use of the method 
should be made. 

In many parts of the United States, 
much use has been made of aerial 
photography for making maps pertain- 
ing to utility work, but the method 
should be brought to the attention of 
those who are now operating a water 
system with inadequate maps. The 
method may be adopted for mapping 
an existing system or for designing a 
new one. The preparation of the base 
map and tracings is the same in both 
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instances. For an existing system, 
however, lines, valves, and hydrants 
are located by measurement and pipe- 
locating equipment and placed on the 
maps to scale. 

Aerial photography played a very 
important role during World War II. 
Since then many companies have been 
organized to render this type of pho- 
tographic service. In preliminary stud- 
ies of many interstate highways, turn- 
pikes, and toll roads, the utilization of 
aerial mapping has greatly expedited 
the work at a reasonable cost. Thus, 
a procedure found to be workable and 
economical in providing maps for a 
distribution system should be of in- 
terest to those concerned with water 


supply. 
Preliminary Study 


When the need for a map exists, the 
first step is to investigate the area to 
be mapped and, by field inspection, set 
the boundaries. The use of topographi- 
cal sheets—1:24,000 or 1:62,500—is 
useful in this preliminary work. The 
boundaries may be sketched to scale 
on these sheets to serve as a guide 
during further negotiations with the 
photographer. 

At this point, it is advisable to de- 
termine the scale of the preliminary 
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and final plans and usually desirable 
to have a general map of the entire 
system. This map may vary in scale 
according to the size of the system 
and should provide a layout of the 
entire project to serve as a key map 
for the construction drawings. The 
scale of the general map should range 
from 1 in. = 200 ft to 1 in. = 600 ft. 


Fig. 1. 


The scale of the photograph is 1 in. = 400 ft. 
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with the photographer, estimates may 
be obtained of alternate scales of com- 
pleted photographs. Such _ estimates 


will not affect the costs materially or 
delay the initial phases of the project 


Flight Data 


The photographer should be advised 
well in advance of the requirements of 


Aerial Photograph of Distribution System Site 


The print served as the basis for the 


preparation of a detailed map, with a scale of 1 in. = 50 ft, of the area outlined. 


The final maps will also vary in 
scale according to the size of the sys- 
tem. A scale of 1 in. = 50 ft is satis- 
factory for water distribution drawings 
and will permit sufficient detail for 
most systems. Further enlargement 
of street intersections or other areas 
may be made if additional detail is re- 
quired. For purposes of negotiations 


the engineers, in order that he may 
take advantage of the best weather. 
The US Weather Bureau and the Bu- 
reau of Standards have determined 
from studies made in previous years 
that approximately 60 days per year 
of cloud- and haze-free skies—condi- 
tions needed for good vertical pho- 
tography—are available. Best results 
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are obtained by the use of a lens with 
a 10-in. focal length, which would re- 
quire the aircraft to fly at an altitude 
of 4,000 ft to produce a print with a 
scale of 1 in. = 400 ft (Fig. 1). A lens 
with an 8.25-in. focal length, at an alti- 
tude of 3,300 ft, produces the same 
scale. 

The sky should be clear of clouds 
and haze, and the wind velocity should 
be not more than 15 mph. Bad 
weather makes for greater error in the 
flight strip, which should overlap at 
least 55 per cent on each subsequent 
negative and appear in a straight line, 
with not more than 3 per cent drift 
from the center line of flight. 

For purposes of discussion, it may 
be assumed that the engineer has de- 
cided on a scale of 1 in. = 400 ft. The 
photographer completes his flight at the 
required elevation, and, after the nega- 
tive is processed, he makes 9X9-in. 


contact prints for the engineer to take 
in the field and establish control point 
locations from which actual measure- 


ments are made. In this way, accurate 
control points are set up for the ratio 
enlargements, which would be 8 to 1 
to produce the scale of 1 in. = 50 ft in 
the final prints. 


Ground Control 


The 9X9-in. prints of the aerial pho- 
tographs, at a scale of 1 in. = 400 ft, 
are satisfactory for use in ground con- 
trol. These prints, however, may cor- 
respond in scale to the scale of the 
general map, thus eliminating the need 
for extra prints. Each of the prints 
must be examined to fix points that can 
be readily identified on the ground and 
on the print. The points chosen should 
generally be along a tangent of a road 
or street. It is advisable that the view 
between points be unobstructed and 


that they be preferably 800—1,000 ft 
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apart. The selected points may be cen- 
ters of road intersections or center 
lines of paved driveways, walkways, or 
projected building lines. Ground con- 
trol involves the determination of the 
horizontal distance between two such 
points. The distance between points 
may be measured by “chaining” or by 
the use of the stadia survey method. 

Actual ground distances are marked 
on the map, and the points are desig- 
nated on the print. A sketch on the 
reverse side of the map is helpful to 
the photographer for checking thie ac- 
tual ground points used, because a 
pencil point may cover several feet on 
the print, causing the photographer to 
have difficulty in interpreting exact 
locations. This control is important, 
because all future enlargements are 
based on these marked distances for 
true scale. 


Enlargements 


It is a good idea to indicate on the 
prints any areas that will not require 
future enlargement, such as open fields 
and hilly areas, in order to permit a 
savings in cost. Enlargements are 
priced per square foot. 

After the small prints are returned 
to the photographer, with the desig- 
nated control points and actual dis- 
tances marked, the enlargements are 
produced to true scale. These en- 
largements are prepared on sheets of 
photographic paper that are usually 
40 in. wide and 48 in. or 60 in. long, 
whichever can be handled more prac- 
tically. Adequate overlap between 
sheets is provided in order to match 
enlargements. 


Tracings 


When the final enlargements are re- 
ceived, the draftsman starts the layout 
work with the use of 24X36-in. 
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tracing-film sheets. This film, because 
of its transparency, is ideal for photo 
tracing. With the film, the amount of 
tracing work a draftsman can complete 
in a day has more than doubled. The 
tracings show paved roads, sidewalks, 
fence lines, streams, bridges, and build- 
ings, and constitute the basic map. 

On a recent project, pipe was located 
along a state route for a distance of 
8 mi. Engineers were able to obtain 
prints from the state road commission 
having the same scale as the available 
maps. By matching, it was possible to 
show on the tracings the right-of-way 
lines of the road. It was also possible 
to indicate culverts and drainage struc- 
tures. The tracings made from the 
aerial photographs matched the road 
maps very closely and thus provided 
another good check on the accuracy of 
the work. 
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Field Checking 


When a print of the basic map is 
ready to be field checked, such items 
as culverts, drains, manholes, sewers, 
water and gas lines, or any other 
underground obstructions are marked 
on the prints. This information can 
be furnished by utilities, city employ- 
ees, and by inspection. At the same 
time, the field location is chosen for 
mains, and measurements from curb 
lines and paved surfaces are made so 
that this information may be placed on 
the map. Also, service lines are lo- 
cated, and such pertinent data as types 
of buildings, business places, and 
apartments are recorded. When this 


information is plotted and designated 
on the tracing, along with match marks 
and titles, the sheet is ready for a final 
field check to verify its accuracy and 
to check for any omissions. 
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Progress in Revision of the Positive- 
Displacement Meter Standard 


Committee Report 


A report of Committee 8610 D—Meters, submitted by James G, Carns 
(chairman), Meter Engr., American Water Works Service Co., Phila- 


delphia, Pa. 


Other members of the committee are R. R. Anderson, 


H. F. Barrett, W. B. Cambridge, P. R. Carlon, M. B. Cunningham, 
F. G. Hundley, J. E. Johnston, A. P. Kuranz, W. E. MacDonald, 
H.W. Niemeyer, J. F. O’Grady, G. C. Sopp, and H, Wilkins Jr. 


~~ almost 2 years of consid- 
eration, the AWWA Meter Com- 
mittee has not yet completed the work 
of revising the present AWWA stand- 
ard* for positive-displacement meters. 
At its meeting on May 16, 1960, the 
committee discussed several minor and 
one or two major items which will 
need further consideration. None of 
the items at issue are such as to post- 
pone a final vote unduly, and it is an- 
ticipated that the revised standard will 
be submitted to the Water Works 
Practice Committee and the Board of 
Directors for final approval before the 
end of 1960, 


Basic Difficulty 


The committee’s difficulty has been 
in preparing a practical standard ap- 
plicable to meters best suited for the 
myriad types of water encountered 
throughout the country. Obviously, 
such a standard should require that 
meters be as accurate as commercially 
possible; that they be constructed of 
materials that will assure long life ; that 
they be of standard sizes and dimen- 
sions; that they have such other de- 
sirable features as low friction losses 
and low maintenance costs. Further- 


more, the manufacturer must be able 
to provide all of these characteristics 
at a reasonable cost. To specify all 
this in one standard is, to say the least, 
not a simple matter. Although the 
committee feels that the present ver- 
sion of C700 is excellent in many re- 
spects—and the present form of pres- 
entation is, for that reason, being 
maintained—it is believed that certain 
proposed changes will prove to be 
beneficial. 


Materials 


The most important change pro- 
posed is that having to do with mate- 
rials used in fabricating basic compo- 
nent parts. The present standard is 
open to very broad interpretation in 
this respect. It is axiomatic that speci- 
fications must be restrictive if protec- 
tion is to be afforded the purchaser. 
If they are unduly restrictive, however, 
an adverse result may occur. Unfor- 
tunately, none of the arts of chemistry, 
metallurgy, or manufacture has been 
developed to the point where one set 
of basic materials can be economically 
utilized to produce meters that are 
completely satisfactory for universal 
use. Therefore, a new section, setting 
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forth permissible materials of which 
the major component parts may be 
made, is being incorporated in the 
standard. This establishes a “floor” 
or minimum for such materials, and 
the choice of materials to be incorpo- 
rated in the standard is hased on past 
experience and the most informed pro- 
fessional judgment. The committee is 
satisfied that the materials selected pro- 
vide for the manufacture of a standard 
product best suited to the majority of 
installations. As an example of this 
change, the present standard provides 
only that measuring chambers shall be 
made of bronze or a nonferrous compo- 
sition. In the proposed revision, how- 


ever, measuring chambers furnished 
for standard meters are to be made of 
a copper alloy containing a minimum 
of 85 per cent copper, with suitable 
percentages of tin, lead, and zinc. 
The quality of water meters pro- 
in the United 


duced States is now 
the highest it has ever been, and the 
committee feels that the manufacturers 
are to be commended. The permis- 
sible materials and limits specified in 
the new standard are designed to 
insure that this high quality can be 
maintained as well as to provide the 
added protection that materials other 
than those that have been proved satis- 
factory cannot be utilized. Obviously, 
such tightening of the standard re- 
quires that there be some provision to 
permit the use of whatever improved 
materials may be developed. This is 
handled by a provision that amend- 
ments of the material requirements 
may be proposed by one or more of 
the meter manufacturers, and that the 
Meter Committee must render a deci- 
sion, based on majority vote of its 
members, within 1 year from the date 
of application for the revision. 
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Registers 


One great problem, which is the 
result of the lack of prior standardi- 
zation, is the diversity of meter regis- 
ters, particularly those of round- 
reading type. In the 1920's, this 
phase of the standard was reviewed by 
the Meter Committee, but it was not 
resolved, because of the reluctance of 
many users to accept a register of a 
different type from those already in 
service. Unfortunately, in the inter- 
vening years the situation has become 
no better, and it seems almost impos- 
sible now to select a_ standardized 
round-reading type register that would 
be universally accepted. The commit- 
tee is convinced, however, that this 
situation cannot continue indefinitely, 
and it is, therefore, proposing a start 
toward standardization of this feature. 
The proposal is that any new model 
of meter, as distinguished from modi- 
fications of existing models, first of- 
fered for sale after the issuance date 
of the revised standard, is to be fur- 
nished with an “AWWA Standard 
straight-reading register.” Improve- 
ments in the design and reliability of 
straight-reading registers since the 
early models, plus the recent introduc- 
tion of sealed registers, should tend 
to overcome the reluctance of many 
who previously would not accept this 
type of register. The number of errors 
in reading meters in recent years di- 
rectly traceable to the use of meters 
with several different types of round- 
reading registers has reached a stage 
where steps to replace this difficulty are 
necessary, as there is no indication that 
the situation will improve otherwise. 

Several other changes have been 
made owing to the recent development 
of sealed registers. Also, the use of 
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open gear trains is being removed from 
the standard. The dimensions of me- 
ters and connections have been placed 
in tabular form for clarity. The notes 
appended to the standard have also 
heen changed in several respects, again 
for the purpose of clarity and brevity, 
and the AWWA Standard for Testing 
Water Meters (C705) has been incor- 
porated in the notes. 


Meter Accuracy 


The committee believes the accuracy 
requirements of the present standard 
to be sufficiently stringent to provide 
meters capable of accurate measure- 
ment for sustained periods. It is 
noted, for example, that §-in. meters 
are presently being produced with 
accuracies higher than 95 per cent 
on the minimum flow test of } gpm, 
which under certain conditions pro- 
duces a slight overall improvement in 
meter registration. At the same time, 
however, meters with the close toler- 
ances required to produce this slight 
improvement are more subject to op- 
erational difficulties. The committee 
therefore concluded that any further 
tightening of accuracy requirements 
would not be justified by the overall 
results produced. Even the present 
accuracy requirements must be modi- 
fied somewhat when meters are to be 
used in areas where high water tem- 
peratures are encountered. The larger 
clearances between the piston and 
measuring chamber, which are re- 
quired to avoid meter stoppage through 
expansion under such conditions, make 
it necessary to accept a flow accuracy 
below the requirements cf the present 
standard. Any increase in the accu- 
racy requirements of the standard 
would thus only enlarge the area of 
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deviation from the standard in such 
cases. 


Friction Losses 


The meter friction losses permissible 
under the present standard have been 
criticized as unduly high by some indi- 
viduals. The committee is aware, of 
course, that several meters presently 
being produced have losses lower than 
the standard permits, which would 
seem to indicate the permissible losses 
could and should be reduced to some 
extent. Meter friction 
course, important. It is, however, only 
one of several factors involved in ade- 
quacy of service to a customer. The 
collective experience of the committee 
indicates that meter losses do not pre- 
sent a problem in the overwhelming 
majority of installations and are not 
such as to warrant establishment of 
lower permissible losses. In those in- 
stances where friction loss is a criti- 
cal problem, other factors, such as 
main pressure or service line and house 
piping losses, constitute the major 
problems, which a reduction in meter 
friction losses alone could not over- 
come. Conversely, if the major defi- 
ciencies are corrected, meter loss be- 
comes relatively unimportant. The 
whole question involves a judgment 
factor, and the committee does not 
believe that major redesign or com- 
pletely new designs of meters are war- 
ranted. Even if it were possible to 
effect lower meter friction loss by new 
design, higher meter costs might well 
be involved. 


Piston Speeds 


loss is, of 


No changes in piston speeds have 
been proposed, as piston speed is inter- 


related with friction loss. In the pres- 
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ent standard, manufacturers are given 
a range within which to work to de- 
velop the best possible product, at a 
reasonable cost. The committee be- 
lieves the manufacturers should have 
this working range. 
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available for further review in the very 
near future. The committee sincerely 
hopes that its efforts will be justified 
in an improved standard for positive- 
displacement meters. 


Reference 


AWWA Standard for Cold-Water 
Meters—Dispiacement Type—AWWA 
C700. Am. Wtr. Wks. Assn., New 
York (1946). 


Conclusion 


It is hoped that the final results of 
the revision of C700 will be made 
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Use of High-Tensile Steels 


Joint Discussion 


A joint discussion presented on May 18, 1960, at the Annual Confer- 


ence, Bal Harbour, Fla. 


High-Pressure Transmission Lines—H. Arthur Price 


A paper presented by H. Arthur Price, Sr. Project Design Engr., 
Dept. of Water & Power, Los Angeles, Calif., and Chairman, Com- 


mittee 8310 D—Steel Pipe. 


NGINEERS in the water industry 

are using high-tensile steel more 
and more in high-pressure steel trans- 
mission lines. The impetus has come 
from the oil and gas industries, which, 
in the last decade, have used thousands 
of miles of high-tensile steel pipe. 
These industries purchase pipe under 
American Petroleum Institute (API) 
specifications 5LX, and use three 
grades of steel: X42, X46, and X52. 
Grade X42 steel has a yield point of 
42,000 psi; Grade X46, a yield point 
of 46,000 psi; and Grade X52, a yield 
point of 52,000 psi. 


Design Factors and Economy 


With regard to design factors, in 
the oil and gas industries pipe is de- 
signed to have a wo-king stress of 40— 
72 per cent of the yield point strength, 
depending on the location of the pipe- 
line. For example, for use across 
deserts and remote areas, pipe is de- 
signed to have a stress as much as 72 
per cent of the yield strength. 

There are certain advantages in 
using Grade X42 steel for water lines. 
The pipe, however, should not be de- 
signed to have a working stress more 


than 50 per cent of the yield strength. 
The use of high-tensile steel is advan- 
tageous because steel plate can be used 
economically. Grade X42 steel has a 
premium of 0.5 cent a pound over 
ASTM Grade C steel, which is used to 
a great extent in the water supply field. 
If, for example, Grade X42 steel were 
used, the pipe could be designed to 
have a stress of 50 per cent of the yield 
point, or 21,000 psi. If ASTM 283 
Grade C steel were used (yield point, 
30,000 psi), and if the pipe were de- 
signed to have a stress of 50 per cent 
of the yield point, or 15,000 psi, the 
savings would then be in the propor- 
tion of 15,000 to 21,000. When the 
small premium of 0.5 cent per pound 
for the plate is considered, the saving is 
approximately 25 per cent of the cost of 
the plate itself. What does this mean as 
far as dollars saved on a project? The 
Los Angeles Department of Water and 
Power installed a 48-in. line approxi- 
mately 7 mi long. The savings in 
steel plate alone was $132,000. The 
East Bay Municipal Utility District 
(EBMUD) of Oakland, Calif., is in- 
stalling its third barrel of the Moke- 
lumne Aqueduct, consisting of 34 mi 
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of 88-in. steel pipe; the savings in 
plate is approximately $500,000. 


Fabricated Plate Pipe 


Throughout the western United 
States, various water companies have 
been buying reject API mill gas pipe, 
preparing the ends, and installing it 
in their systems successfully. Buying 
plate of the same quality as the mill 
gas pipe plate and fabricating it into 
pipe according to AWWA standards 
is very practical and has been success- 
fully done with diameters as large as 
60 in. by the Los Angeles Depart- 
ment of Water and Power. The Los 
Angeles department has found that the 
plate is weldable and that the type of 
welding rod that has been used on 
milder steel plates can easily be used 
with mill gas pipe plate. 

Effect of Stress on Coatings 

Manganese is the alloy used in 
Grade X42 steel plate to give it its 
high-tensile strength. The specified 
maximum manganese content is 1.15; 
the specified carbon content is 0.29. 
Mill test reports indicate that the car- 
bon content will be less than 0.25; 
the average manganese content is 1.05. 

If high-tensile steel pipe is used, 
savings usually become evident when 
pipeline pressures become fairly high 
and where the external forces are not 
too great. The designer should not 
only investigate the internal factors, 
but also should seriously consider the 
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external loads on the pipe. Grade X42 
plate designed to a 21,000-psi stress 
will have slightly more stretch than 
will mild steel plate. There is some 
question about the effect of this stretch 
on protective coatings. No difficulty 
could be experienced with coal-tar en- 
amels, inasmuch as the coating is 
slightly flexible and elastic. As to 
cement-mortar linings and cement- 
mortar coatings, EBMUD tested a 
section of 48-in. pipe that was fab- 
ricated with Grade X42 plate and 
lined and coated with cement mortar. 
In stressing the pipe to 15,000 psi, 
common for mild steel plate, very small 
hairline cracks appeared in both the 
lining and coating. When the stress 
was increased to 21,000 psi, no dif- 
ference was noticed. At 30,000 psi, a 
slightly greater opening of the cracks 
appeared, but no additional cracks de- 
veloped. When the pipe was carried 
to failure at 80,000 psi, the coatings 
exploded. 


Conclusion 


The use of high-tensile steels for 
high-pressure steel transmission lines 
has proved practical and economical. 
It goes without saying that the de- 
signer should, in considering the use 
of high-tensile steel plate, investigate 
the internal and external forces and 
apply the correct protective coating 
for the particular soil environment, 
just as he would with any other type 
of pipe material. 
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STEELS—TANKS AND STANDPIPES 


Welded Elevated Steel Tanks and Standpipes 


James O. Jackson 


A paper presented by James O. Jackson, Pres., Engineering Develop- 
ment Co., Coraopolis, Pa., and Chairman, Committee 8710 J—Joint 
Com. on Steel Standpipes and Elevated Tanks. 


Joint Committee 8710 J—Steel 
Standpipes and Elevated Tanks, of 
AWWA, NEWWA, and AWS has 
considered, on several occasions in the 
past, the use of alloy or high-tensile 
steels for the construction of welded 
elevated tanks and standpipes. After 
a thorough evaluation of the advan- 
tages and disadvantages, it has been 
concluded that no particular advantage 
results from the use of high-tensile 
steels in tanks, except for the reduced 
volume of weld metal required to make 
joints between thick plates. Further, 
there are believed to be disadvantages 
from the use of high-tensile steel which 
need to be carefully evaluated. 


Cost Factors 


The mill price of alloy or high- 
tensile steel plate is disproportionately 
higher than the price of low-carbon 
steel plate, with regard to strength. 
The thicker steel resulting from the use 
of low-carbon steel is of advantage in 
tank structures because of its increased 
corrosion allowance. For plates 1-2 
in. thick and greater, the volume of 
required weld metal in the joints be- 
comes important, and the corrosion 
allowance becomes less important. In 
this thickness range, therefore, it is de- 
sirable to reduce the plate thickness 
and, consequently, the amount of weld- 
ing, because the volume of weld metals 
varies approximately as the square of 
the plate thickness. With high-tensile 
steels, however, the saving in volume of 


weld metal is usually largely offset by 
the increased cost or difficulty of mak- 
ing welds in high-tensile steels. This 
increased cost results from required 
preheating and the use of higher-cost 
filler metal. 


Unit Stress 


The present AWWA standard for 
steel tanks and standpipes (D100) 
specifies a unit stress in tension of 
15,000 psi and a joint efficiency of 85 
per cent for butt-welded joints. The 
maximum thickness permitted to be 
welded is specified as 2 in. Under 
these restrictions, the height of a 
standpipe, in feet, multiplied by its 
diameter, in feet, may not exceed 
9,800. A standpipe 100 ft high may 
not have a diameter greater than 98 
ft or a capacity greater than 5.65 
mil gal. A standpipe 50 ft high may 
have a diameter as large as 196 ft 
and a capacity of up to 11.3 mil 
gal. A _ standpipe only 10 ft high 
may have a theoretical diameter as 
large as 980 ft, with a total capacity 
of 56.5 milgal. In all these instances, 
the maximum thickness of the bottom 
ring will be 2 in. When AWWA unit 
stresses and joint efficiency are applied 
to a standpipe 200 ft in diameter, the 
stretch in the first ring, when the tank 
is filled, will amount to approximately 
3.3 in. in circumference, or 1.05 in. in 
diameter. It is known from experi- 
ence that the lower edge of the first 
ring does not stretch as much as the 
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foregoing figures indicate, because of 
the restraint of the flat-bottom plates. 
This interaction between the bottom 
plates and the lower part of the first- 
ring shell is an important considera- 
tion in the use of high-tensile steels, 
for the stretch of these steels will be 
increased directly in proportion to the 
increased working stress, which will 
aggravate the degree of restraint be- 
tween the bottom and the first-ring 
shell plates. For example, with re- 
gard to a 200-ft diameter standpipe, 
if the first-ring shell plates stretched 
under tension to assume the full burst- 
ing stress of the water load, there 
would be set up a force of ap- 
proximately 3,190 Ib/lin. in. of cir- 
cumference between the flat-bottom 
and the first-ring shell plate. This 
force is approximately equal to the 
water load on shell plates 150 in. high. 
Actually, the bottom plates are not 
stretched to this degree, and measure- 


ments in the field on large standpipes 


have shown that the stretch in the 
bottom is only a fraction of this 
amount. The effect of this restraint 
is to subject the welds between the 
shell and the bottom plates, and the 
welds in the bottom plates themselves, 
to increased forces and to bending 
moments. These forces and bending 
moments result from the eccentricities 
of the welds and from the fact that 
bottom plates are often fillet welded 
from only one side. Therefore, if 
higher stresses are used in the shell 
plates, more care should be given to 
the design of the welds in the tank 
bottom and between the shell and bot- 
tom. The welds in the tank bottom 
might better be made butt welds with- 
out edge preparation and without the 
necessity of 100 per cent penetration, 
and welded from the top side only. 
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No standpipe failures are known to 
have resulted from the restraint be- 
tween the shell and bottom. It must 
therefore be assumed that past practice 
has been conservative. It seems obvi- 
ous, however, that if, for example, the 
shell stress were increased, through 
the use of high-tensile materials, to 
twice its present value, or 25,500 psi, 
the diametral stretch would be 2.10 
in., which would be cause for consid- 
erable concern. 

Because the joint between the bot- 
tom and the first-ring shell is subjected 
to considerable restraint and to appre- 
ciable plastic deformation, it is impor- 
tant that highly ductile, tough steel be 
used, so that it will deform and adjust 
its configuration to the distortion re- 
sulting from the restraint. If it is con- 
sidered essential to reduce the thick- 
ness to save on volume of weld metal 
used, it seems more advantageous to 
use an arbitrarily established higher 
working stress for a metal with good 
ductility and toughness than to use a 
higher unit stress for a metal that has 
poorer ductility and that may be more 
brittle at the minimum working tem- 
peratures. For this reason, where 
thicknesses have been reduced in the 
past, such material as A201 ASTM 
Grade B flange quality steel, with an 
ultimate strength of 70,000-82,000 psi 
and an elongation in 8 in. of 19 per cent, 
has been successfully used. A212 high- 
tensile carbon-silicon steel has been 
used; when it is flange quality Grade 
B, with an ultimate strength of 70,000. 
82,000 psi, it has a ductility of 18 per 
cent, but requires preheating and spe- 
cial electrodes in welding. A131 struc- 
tural steel for ships, with an ultimate 
strength of 60,000-72,000 psi and an 
elongation in 8 in. of 18 per cent, is 
a very suitable steel for use when the 
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first rings are subjected to restraint, 
because of its excellent ductility, weld- 
ing properties, and toughness at low 
temperature. 

The use of high-tensile steels in ele- 
vated tanks has not been considered 
worthwhile, because plate thicknesses 
are generally less than 1 in., and the 
additional corrosion allowance that re- 
sults from the use of ordinary steel is 
more significant than the savings in 
weight of material and in welding. 


Conclusion 


The use of high-tensile steel in ele- 
vated tanks and standpipes is gener- 
ally undesirable, but, with flat-bottom 
tanks, where it is necessary to reduce 
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the thickness of the first ring to meet 
code requirements or to realize savings 
in welding costs, materials of greater 
strength may be used, provided that 
there is no sacrifice in ductility, tough- 
ness at minimum working tempera- 
tures, or weldability. Furthermore, 
provisions should be made for the ef- 
fects of increased restraint by better 
welds in the tank bottom and between 
the first ring and the bottom plates. 
Tank structures subjected to fluctuat- 
ing water levels will cause the re- 
strained joint to have more load cycles, 
and, as the maximum stresses due to 
plastic deformation are already at the 
yield point, a shorter tank life may 
result. 
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Apparatus for Corrosion Tests With 
Hot Municipal Waters 


Rex M. Guest 


A contribution to the Journal by Rex M. Guest, Research Chemist, 
Dept. of Chemistry, Ontario Research Foundation, Toronto, Ont. 


URING the course of a long-term 

corrosion investigation, it was 
necessary to design an apparatus capa- 
ble of testing specimens under condi- 
tions as closely related as possible to 
those of actual service in a closed sys- 
tem. Speller’ demonstrated that the 
rate of corrosion in a closed system in- 
creases steadily with an increase in 
temperature, but in a system open to 
the atmosphere, a maximum rate is 
reached at approximately 80°C. It is 
believed that the test presented is a 
rigorous one and makes use of the only 
apparatus of this type that has been 
fully described. 


Apparatus 

The test apparatus is shown in Fig. 
1. The tank for holding the speci- 
mens was 4 ft long, 16 in. in diameter, 
and constructed of stainless steel. The 
top was so bolted on that it could be 
removed readily to expose the entire 
interior of the tank. A ring with slots 
for holding eleven rods was attached 
to the inside of the tank at the top. 
The rods for holding the samples were 
of stainless steel and were covered 
with nylon tubing at first and with 
plastic * tubing later. The samples 
were separated with washers made by 


* Teflon, made by E. I. du Pont de Ne- 
mours & Co., Wilmington, Del. 


drilling holes in sections of nylon and 
plastic rods. Under the experimental 
conditions employed, the plastic proved 
to be the only material satisfactory for 
covering the sample rods and for sepa- 
rating the specimens. 

The tank was heated at the top and 
bottom by heaters connected in the so- 
called “flip-flop arrangement,” which 
functions as follows: When the top of 
the tank reaches the desired tempera- 
ture, the upper thermostat shuts off the 
top heater and turns on the bottom 
heater. When the bottom of the tank 
reaches the operating temperature, the 
lower thermostat shuts off the bottom 
heater. Thus, the water around the 
specimens is always kept at the desired 
operating temperature. 

In order to simulate conditions of 
intermittent flow in a closed system, 
the apparatus was equipped with 
timers and a solenoid valve that al- 
lowed water to be drained off at pre- 
determined intervals. By means of 
one timer,+ the solenoid could be 
opened for a sufficient length of time 
to drain off varying amounts of water 
every 2 hr or less. Another timer § 
was used to shut off the first timer 

+ Flexopulse timer, made by Eagle Signal 
Co., Moline, Il. 

§ Paragon timer, made by Paragon Elec- 
tric Co., Two Rivers, Wis. 
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APPARATUS FOR CORROSION TESTS 


and thus inactivate the system so that 
no water was drained off for periods 
of several hours, if this was desired. 


Operating Conditions 


The unit was operated at 95°C, and 
5 gal of water was drawn off every 2 
hr for a period of 16 hr each day. No 
water was drawn off for the remaining 
8 hr. Studies were made with two 
municipal waters, analyses of which 
are shown in Table 1. The water 
pressure at Location 1 was 60-80 psi; 
at Location 2, 40 psi. 

The different steel samples for the 
unit were selected and positioned with 
the use of a system of random num- 
bers. Duplicate samples were re- 
moved for examination at periods of 
1, 2, 4, and 8 months, and so on in 
the progression until the end of the 


Flexopulse 
Timer 


Solenoid 
Valve 
Plastic-Covered 


Stainless Stee! Rod 


Paragon 


Switch Timer 


To Drain 
Plastic Washers 


Specimens 


Stainless Steel Tank 


Cold-Water Inlet 


Fig. 1. Apparatus for Corrosion Test 


The stainless steel tank was 4 ft long and 

16 in. wide. The top of the tank was 

so bolted on that it could be removed to 
expose the interior of the tank. 


TABLE 1 


Analysis of Municipal Waters 


Location 1 | Location 2 
Constituents 
ppm* 
pH 8.6 
Dissolved oxygen 
Free carbon dioxide 
Total alkalinity 
Phenolphthalein 
alkalinity 
Dissolved solids 
Total hardness 
Iron 
Silica 
Calcium 
Magnesium 
Sulfate 
Chloride 


Free chlorine 


* Except for pH. 
t No concentration recorded. 


test period. The samples were cleaned 


with inhibited 


acid.* 


dilute, hydrochloric 


Results 


Exact numerical results regarding 
weight losses or the actual pit depth 
curves for each water will not be 
given here, but it is hoped that a gen- 
eral discussion of the results will suf- 
fice to demonstrate the value of the 
apparatus. Although the maximum 
pit depth was approximately the same 
regardless of which municipal water 
was employed, the number of pits in 
the softer water at Location 2 was 
many times greater than the number 
of pits in the harder water at Location 
1. Also, the area of the pits formed 
in the softer water was much smaller 


* The inhibitor was Rondine-60, a product 
of American Chemical Paint Co., Ambler, 
Pa. 
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than the area of the pits formed in the 
harder water. 

The change of maximum pit depth 
with time could, in general, be repre- 
sented by the curve shown in Fig. 2. 
In the figure, maximum pit depth re- 
fers to the depth of the deepest pit 
found on the two samples removed at 
a particular time, and not to the rate 
of penetration of a single pit on a 
single sample. It will be noted that 
the rate of pitting slows up with time, 
but does not completely level off. 
Some samples were investigated over 
periods as long as 20 months. In 
many instances, it was found that some 
of the pits had completely penetrated 
samples 4 in. thick during the 8- and 
16-month periods. 


Summary 


The apparatus described has proved 
satisfactory in testing the corrosion of 
steel specimens in a closed system 


using municipal waters. The results 
of tests carried out over a period of 
several months have proved that the 
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Total Thickness of Sample 


Maximum Pit Depth 


Time 


Fig. 2. Typical Curve for Change of 
Maximum Pit Depth With Time 


Maximum pit depth refers to the depth 
of the deepest pit found on two samples 
removed at a particular time. 


composition of the corrosion medium, 
and not the composition of the steel 
samples, is the important factor. 


Reference 


1. Specter, F. N. Corrosion, Causes and 
Prevention. McGraw-Hill Book Co., 
New York (3rd ed., 1951). p. 168. 
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Submersible Water Well 


Claud R. Erickson 


A paper presented on May 15, 1960, at the Annual Conference, Bal 
Harbour, Fla., by Claud R. Erickson, Mech. Engr., Board of Water 
and Elec. Light Comrs., Lansing, Mich. 


RACTICALLY all large metro- 
politan areas obtain their water 
supply from lakes, rivers, or reser- 
voirs, but most smaller towns and a 
good number of larger cities pump 
their water from deep wells. The 
search for additional water in areas 
served by deep wells has led to deeper 
and deeper wells and pump settings. 
With the conventional line shaft 
deep well pump, line shafts have had to 
be extended greater lengths, which, 
in turn, has brought about higher 
power losses due to turbulence around 
the pump shaft and to bearing friction. 
The long shaft has also multiplied the 
mechanical problems of maintaining 
the shaft and bearings. Primarily for 
these reasons, many communities are 
for the first time showing an active 
interest in submersible pumps and 
their application. The most impor- 
tant considerations, normally, are the 
fixed cost and operating cost of the 
submersible pump compared with 
those of line shaft pumps and the ef- 
fect of various setting depths on these 
costs. Other factors to consider, of 
course, are reliability, ease of mainte- 
nance, and, if the well is located in a 
residential area, quietness of operation. 
The characteristics of the line shaft 
pump are generally familiar to those 
concerned with obtaining water from 
deep wells, whereas there may be 
many who are not well acquainted 
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with the submersible pump. For this 
reason, part of this article describes, 
in some detail, the various types of 
submersible pump motors on the mar- 
ket, and touches briefly on some of 
the basic precautions that should be 
taken in the installation and testing 
of these units. 


Lansing System 

The Lansing (Mich.) Board of 
Water and Light, which serves a popu- 
lation of approximately 130,000, ob- 
tains all its water from 106 deep wells. 
Of these, 64 wells are equipped with 
line shaft pumps, six are equipped with 
submersible pumps, and the remaining 
are air lift wells usually used only 
during heavy demand periods. The 
submersible pumps have only been in 
service since 1952; as a result, un- 
fortunately, meaningful maintenance 
cost comparisons are not available. 

A typical well in the Lansing system 
is 420 ft deep and consists of a 14-in. 
casing 80 ft long driven down until 
firmly anchored in bedrock. The re- 
maining depth is mainly through sand- 
stone and shale and the bore is 13} 
in. in diameter. 

The deep well pumps installed re- 
cently have an average setting depth 
of 300 ft and the static water level 
is approximately 100 ft below grade. 
The specific capacity averages 6.3 
gpm /ft. 


: 
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History of Submersible Motors 


Submersible motors for driving 
pumps are not a recent development. 
The first patent on this type of motor 
was taken out in 1908. The motor 
was of the wet-stator type, and no 
attempt was made to protect the wind- 
ings from water. This design required 
a heavy, waterproof insulation on indi- 
vidual conductors. Although the op- 
eration of this first motor was satis- 
factory, the unit was bulky for the 
power it produced, and the demand 
for this type of unit was slight. 

Little was done to develop this motor 
further until the late 1920’s, when sev- 
eral new patents were issued. Since 
that time, submersible motors have 
gained wide acceptance, and today 
there are three basic types: the dry 
stator, the wet stator, and the oil-filled 
stator. 


Wet-Stator Type 


In the wet-stator motor, water is 
free to circulate throughout the motor 
and provide proper cooling in addition 
to lubricating the shaft and thrust 
bearings. This requires that all indi- 
vidual conductors be insulated with a 
waterproof material. Rubber insula- 
tion was used in the first motors, but 
it is now general practice to use a 
plastic insulation such as polyethylene. 
All parts in contact with the water, 
except the rotor and stator lamina- 
tions, are normally made of noncorro- 
sive materials. Carbon steel must be 
used for the rotor and stator lamina- 
tions, as corrosion-resistant materials 
do not have the necessary magnetic 
properties. 

Some manufacturers treat the lami- 
nations so as to combat the corrosive 
effect of the water, and most manufac- 
turers recommend filling the motor 
with clean water and depending on a 
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seal to keep the interchange of water 
to a minimum. This type of motor 
has proved very successful, and corro- 
sion does not appear to be a serious 
problem. This can probably be at- 
tributed to the fact that once the small 
amount of oxygen in the water has 
been dissipated through the formation 
of corrosion products, there is no way 
for the oxygen to be replenished ex- 
cept from the small interchange of 
water which may take place. 

This type of motor is generally of 
larger physical size than the other 
types for similar horsepower ratings, 
because waterproof material protect- 
ing the windings is much thicker than 
the wire enamel used in an oil-filled 
or dry-stator motor. An advantage 
of this motor is that it is of simpler 
construction and possibly more fool- 
proof than the other types. 


Dry-Stator Type 


In the dry-stator motor, a thin, non- 
magnetic metal tube surrounds the 
rotor and seals it off from the stator. 
The rotor bearings are submerged in 
a coolant-lubricant of water, a water- 
oil mixture, or a water-grease emul- 
sion. If the coolant is water, it is 
sometimes, but not always, sealed in 
the motor, depending on the design. 
The metal tube is swept by magnetic 
lines of force and is therefore induc- 
tively heated. This, of course, repre- 
sents a small power loss, and the 
resultant temperature rise has been 
known to cause the metal tube to col- 
lapse. Some manufacturers of this 
type of motor have tried to over- 
come this difficulty by lining the tube 
with a polyester filler having a high 
thermal conductivity. Standard var- 
nished windings are generally used in 
this type of motor, but a recent devel- 
opment used by at least one manufac- 
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turer consists of filling the hermetically 
sealed stator case with a solid plastic 
material to anchor the windings against 
vibration and to assist in the dissipa- 
tion of heat. Dry-stator motors, in 
general, have proved very successful 


Oil-Filled Stator 


The oil-filled-stator motor is widely 
used in the United States, especially 
in the larger sizes. The complete unit 
is filled with a high-dielectric-constant 
oil, which permits the use of standard 
electrical windings. The oil protects 
the internal parts from corrosion and 
allows the manufacturers to use less 
expensive carbon steel and cast-iron 
parts. An advantage claimed by some 
manufacturers is that any well equipped 
motor repair shop can service this type 
of motor, because special windings are 
not used. 

A very important component of the 
oil-filled-stator motor, of course, is the 
seal between the shaft and the motor 
housing at the top of the unit. This 
seal must be so designed as to reduce 
the loss of oil to a very small amount 
and prohibit the entrance of contami- 
nating water, which would cause motor 
failure. Either a mercury or a me- 
chanical seal is used for this purpose. 

The mercury seal does an effective 
job of retaining the oil in the motor 
and excluding the water with no shaft 
wear, but it has two limitations: the 
motor must be operated in a vertical 
position, and mercury is expensive. 

A mechanical seal is used on most 
of the smaller motors and on many of 
the large ones. With this seal there 
is a slight oil loss along the shaft and 
a larger oil supply is therefore pro- 
vided, sometimes in the form of a 
spring-loaded reservoir at the base of 
the motor. The manufacturers claim 
that with the slight loss permitted, the 
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supply of oil is sufficient for many 
years of operation. 


Advantages of Submersible Pumps 


The submersible pump can be in- 
stalled in holes that might be too 
crooked for a line shaft pump. Be- 
cause there is no alignment problem 
caused by a long drive shaft, operation 
is smooth and quiet. As long as there 
is sufficient room to install the pump, 
such a well can be readily used. 

When wells are located in residen- 
tial neighborhoods the noise from a 
large pump motor located aboveground 
can be very disturbing to those living 
within a radius of several hundred feet 
of the well house. On the other hand, 
even a large submersible pump can 
operate deep in a well without noise. 
Before submersible pumps were used 
in the Lansing system, it was some- 
times necessary to substitute an expen- 
sive low-speed pump and motor for 
the normal 1,750-rpm unit in order 
to reduce the noise to an acceptable 
level. 

The search for an adequate and de- 
pendable water supply sometimes leads 
to the development of wells on or near 
a river bank in areas which are sub- 
ject to frequent flooding. In such a 
location, expensive precautions must 
be taken to protect the well and verti- 
cal line shaft motor from damage by 
flood waters. On the conventional 
pump, passage of the rotating shaft 
through a stuffing box offers a route 
by which contamination may enter. 
With the submersible pump, there is 
no danger of motor damage from water 
and the problem of surface water con- 
tamination of the well is completely 
eliminated through the use of a water- 
tight seal at the top of the casing 
and a watertight seal where the sub- 
mersible power cable enters the well. 
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It should be pointed out that even 
though the top of the well is tightly 
sealed against contamination some 
state health laws require that an auto- 
matic sump pump be installed in the 
pit. 

Protection against weather or van- 
dalism is not needed. This often re- 
sults in a substantial saving, especially 
when the well is located in a residen- 
tial area and an appropriately designed 
well house would otherewise be re- 
quired. A submersible pump also of- 
fers increased protection to personnel. 

A submersible pump can be in- 
stalled and removed more rapidly and 
economically than a line shaft pump, 
as there is no line shaft to assemble 
or disassemble. This is especially im- 
portant when the wells have to be dy- 
namited at frequent intervals. 

If smaller-capacity units are used, 
submersible pumps are often more eco- 
nomical to operate, because the line 
shaft loss with the conventional pumps 
becomes greater than the sum of the 
cable loss and the difference in effi- 
ciency between the submersible and 
standard motors. 


Disadvantages of Submersible 
Pumps 


The efficiency of the submersible 
motor is less than that of the standard 
motor, owing primarily to the resist- 
ance offered by the coolant within the 
motor. Submersible motors are also 
more expensive than standard motors. 

The repair of a submersible motor 
usually requires sending it back to 
the factory, whereas a standard motor 
can normally be repaired in a local 
shop. Also, submersible pumps must 
be removed to adjust clearances for 
wear, whereas adjustments of a line 
shaft pump can be made from the top 
of the motor. Most manufacturers do 
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not recommend submersible pumps 
where sand is likely to be encountered. 


Reduced-Voltage Starters 


The starting current of a submersi- 
ble pump motor is considerably less 
than that of a standard deep well motor 
of the same rating. The reason for 
this is that there is less inertia in the 
rotating parts, because the rotor di- 
ameter is much less and only a short 
pump drive shaft is required. 

For motor sizes cf 50-200 hp, the 
standard deep well pump motor re- 
quires six times the normal running 
current for starting, whereas the sub- 
mersible motor usually draws about 
four times the normal running current. 
It is, therefore, often unnecessary to 
use a reduced-voltage starter with a 
submersible pump in situations where 
it would be required with a standard 
line shaft pump of the same size. 

It is important to investigate the 
maximum starting current allowed by 
the power company, because the use of 
reduced-voltage starting where it is 
not needed can result in damage to 
the motor. The reason for this is that 
a reduction in voltage greatly reduces 
starting torque, which, in turn, further 
reduces the already low starting cur- 
rent of a submersible motor, resulting 
in insufficient starting torque to rotate 
the unit. The use of the low-voltage 
tap, therefore, does nothing more than 
overheat the winding and shorten insu- 
lation life. 


Installation and On-Site Tests 


It is very important that certain 
basic precautions be observed during 
the installation of a submersible pump. 


Many manufacturers recommend a 
step-by-step installation procedure be- 
ginning with a check of the incoming 
electric supply for correct voltage and 
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wiring in the starter panel before any 
attempt is made to install the unit. 
Also the unit should be checked to 
see if it is free to rotate. In the higher- 
power machines the power should be 
momentarily applied prior to mounting 
of the pump end; in the smaller sizes, 
the power should be applied just prior 
to lowering. The direction of rotation 
should also be observed and corrected 
if necessary. Care should be taken, of 
course, to secure the unit to prevent 
the possibility of its falling from its 
supports. 

The cable splice must be carefully 
made to insure a watertight connec- 
tion. Several methods are used and 
approved and apparently give satisfac- 
tory results if properly applied. Ex- 
perience in the Lansing system has 
indicated that best results are obtained 
with a cast splice. This is formed by 


placing a mold around the connected 


wires and pouring a prepared resin 
material, which subsequently hardens, 
into the mold. 

An electrical-resistance test of the 
cable and motor should be made prior 
to installing, and checks should be con- 
tinued as the pump is lowered into the 
water. A satisfactory reading is 50 
megohms or higher, but the motor 
may be operated with safety down to 
a value of 5 megohms. 

Every submersible pump should be 
fitted with a control valve in order 
that the flow of water can be gradually 
increased as the unit is “run in.” This 
eliminates overpumping of the well 
and the possibility of sandy water. 
The control valve also enables an ini- 
tial check to be made of hydraulic and 
electrical performance. Pressure, volt- 
age, and amperage readings should be 
taken at shutoff conditions and perma- 
nently recorded. This information 
will serve as a check against perform- 
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ance guarantees and is a particular 
point of reference that can be repro- 
duced at any time simply by closing 
the control valve. This information, 
in conjunction with resistance read- 
ings, will prove invaluable in making 
a quick diagnosis of the hydraulic, elec- 
trical, or mechanical condition of the 
unit. It is also important, of course, 
to take test data under various flow 
conditions. 


Submersible-Pump Failures 


The majority of causes of submersi- 
ble pump failures apply equally well 
to line shaft pumps. Some of these 
causes are: 

1. Overpumping of the well, result- 
ing in the pumping of large quantities 
of sand or other abrasive particles; 
partial or complete seizure of the shaft 
owing to overheating of the bearings 
or wedging of particles of suspended 
solid matter; collapse of the well; or 
breaking of suction and the drawing in 
alternately of water and air, which ap- 
plies a severe intermittent load to the 
motor and could upset the seal or cause 
a shaft coupling to shear. 

2. Natural causes, such as lightning 
strikes, chemically aggressive waters, 
or abrasive solids in the water being 
pumped. 

3. Electrical-supply faults, such as 
voltage fluctuations, single phasing, or 
“hunting” due to unsatisfactory con- 
trol gear, which causes the unit to start 
and stop too frequently. 

4. Man-made faults such as short- 
circuiting of the overload trip with a 
piece of wire, holding the start and 
reset buttons in at the same time, or 
the use of oversize fuses. 

Fortunately, these potential failures 
can be readily guarded against by 
having full knowledge of the well and 
making proper checks and tests of the 
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installation before it is actually put in 
service. 


Operating Checks 


Although the submersible pump can- 
not actually be observed in operation, 
the careful operator can often tell 
whether the pump is functioning prop- 
erly from surface observation. Some 
of the danger signals that should be 
noted are: 

Line current. A marked increase in 
line current without a corresponding 
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noise) usually indicates bearing wear 
either in the motor thrust bearing or 
in the pump bearings. 


Costs 


All costs shown and used in the 
calculations and tables that follow are 
user’s costs and are based on current 
(1960) prices quoted by major pump 
and motor manufacturers with freight 
allowed to destination. There is, of 
course, some variation in prices be- 
tween manufacturers, and the results 


TABLE 1 
Selection of Most Economical 350-ft Cable* by Comparison to Heaviest Cable 


Item 


Saving in annual fixed 
charges 
Added annual power 
cost 
4,000 hr operation 
6,000 hr operation 
8,000 hr operation 


Economic advantage 
over heaviest cable 
4,000 hr operation 
6,000 hr operation 
8,000 hr operation 


155.50 141.10 


100.30 73.40 
110.10 


146.90 


67.70 
31.00 
—5.80 


130.00 


74.60 
81.90 
109.20 


55.40 
48.10 
20.80 


Cable Size 


Amount—$¥ 


125.90 110.20 92.10 


37.60 
56.40 
75.20 


26.40 
39.60 
52.80 


88.30t 
69.50 
50.70 


83.80 
70.60t 
57.40 


* For use with 75-hp, 44-v motor; full-load current 101 amp. 


Tt Most economical selection. 


increase in pumpage indicates a need 
for immediate attention, particularly 
if the current is fluctuating. 


Resistance readings. It is good 
practice to check the insulation resist- 
ance of the motor and cable at regular 
intervals (at least once every 6 
months) with a 500-ohm meter. A 
substantial lowering of insulation re- 
sistance should be followed by more 
frequent checks. 

Noise. An increase in mechanical 
noise (as distinguished from hydraulic 


should therefore be viewed accord- 
ingly. Savings can often be effected 
by purchasing such items as cable and 
column piping locally. This is espe- 
cially true of submersible pumps, be- 
cause random lengths of pipe are used. 
All power costs are based on a charge 
of 14 cents per kilowatt-hour. 


Power Cable Selection 


Extreme care should be exercised in 
deciding on the proper cable sizes for 
a given installation. The minimum 


2 
2 No. 0 3 
— No No. 1 1/0 2, /0 4/0 MCM | MCM toe 
| | | 
| | | | 
| 
15.70 9.40 4.50 
23.50 14.10 6.70 fe 
200.60 31.30 18.80 9.00 
|} $5.20 | 76.40 32.90 16.50 
|} | 68.60 28.20 14.30 
| —45.10 | 60.80 | 23.50 12.00 
4 
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cable size for a given permissible volt- 
age drop or /*R loss is rarely the most 
economical size. Factors, which influ- 
ence cable sizes are the cable cost, 
power cost, hours of operation per 
year, depreciation period, and, of 
course, ampere loading and _ setting 
depth. 

Table 1 shows the method used in 
selecting the most economical cable for 
a given motor size. The annual fixed 
charges were taken as 11.5 per cent 
of the cable cost and include depreci- 
ation at 7.5 per cent, interest at 3.5 
per cent, and insurance at 0.5 per cent. 
The table is based on a 300-ft setting 
depth (350-ft cable length) and shows 
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with a full load rating of 101 amp, the 
manufacturer’s recommendation would 
have been a No. 2 cable. 

The use of three-conductor cable 
was assumed for motors up to and in- 
cluding 100 hp; for larger motors the 
use of single-conductor cable was as- 
sumed. The reason for this is that 
the larger sizes of three-conductor 
cable are difficult to handle, require 
more space between the column and 
casing, and cost approximately 20 per 
cent more than single-conductor cable. 
Some manufacturers suggest using two 
three-conductor cables for the larger 
motors. If single-conductor cables are 
used, it is necessary to clamp the cables 


TABLE 2 
Manufacturers and Types of Submersible Motors 


Manufacturer 
Byron-Jackson Pumps, Inc. 
Fairbanks, Morse & Co. 
Reda Pump Co. 

General Electric Co. 


Type 


oil filled, open winding 
wet stator 

oil filled, open winding 
oil filled, open winding | oil | 150 


Max. 
Horse- 
power 


Coolant & 
Lubricant 


oil 750 


water 250 
oil 500 


| 550 
300 
250 


water 
| water and glycol | 
water | 


wet stator 
dry stator 
wet stator 


Lancaster Pump & Mfg. Co. | 
US Electrical Motors, Inc. 
Westinghouse Electric Corp. 


the proper cable for 4,000, 6,000 and 
8,000 hr of operation per year. 

From Table 1 it can be seen that 
the most economical cable sizes are 
2/0 based on 4,000 hr of operation 
per year, 3/0 based on 6,000 hr, and 
4/0 if 8,000 hr of operation is antici- 
pated. The length of cable does not 
determine the most economicai sizing, 
but must be considered in determining 
the minimum permissible size. 

It was found that the most economi- 
cal size was, in most cases, several 
sizes larger than that recommended by 
the pump manufacturer. In the given 
example, which is for a 75-hp motor 


securely close together to the side of 
the column at short intervals to pre- 
vent spreading and resultant losses 
through inductive reactance. 


Power Supply Voltage 


The study includes pumps requiring 
motor sizes up to 300 hp. Not all the 
manufacturers listed (Table 2) can 
supply submersible motors of this 
size. The larger motors (100 hp or 
more) are designed for 440 v or 2,300 
v, depending on the manufacturer’s 
standards or customer’s preference. 
The data in this article are based on 
440-v motors only, as this voltage is 
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Fig. 1. Comparison of Total Power Losses in Line Shaft and Submersible Pumps 
at Various Setting Depths 


Solid and dashed curves represent data for line shaft and submersible pumps, respec- 

tively. Part a, 6-in. column and 200-gpm pumping rate; Part b, 8-in. column, 500- 

gpm pumping rate; Part c, 10-in. column, 1,000-gpm pumping rate; Part d, 10-in. 
column, 1,500-gpm pumping rate. 
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nearly always available and 2,300 v is 
not as readily obtainable. The cost 
of 2,300-v motors is usually slightly 
more than that of 440-v motors, but 
a considerable saving can be effected 
in the cable loss or cable cost if 2,300-v 
current is available. 


Motor Manufacturers 


Table 2 lists the principal types of 
large submersible motors for deep well 
service. Table 3 shows the outside 
diameter of several makes at various 
horsepower ratings. 
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Comparison of Power Losses 


From the power loss curves in Fig. 1, 
it will be noted that when pumping at 
200 gpm the submersible unit has a 
considerably lower total loss at all pump 
setting depths, whereas at 1,500 gpm 
the line shaft pump has a definite ad- 
vantage. At the intermediate capaci- 
ties of 500 gpm and 1,000 gpm, the 
advantage of either pump is less dis- 
tinct, but the data appear to favor the 
line shaft unit. 

The reason for this trend is that at 
the lower capacities the shaft friction 


TABLE 3 


Outside Diameters of Several Submersible Four-Pole Motors* 


| 50 


hp 
Manufacturer 


US Electric Motors | | | | OF 
General Electric Co. 10% | 10% | 10% | 10% 
Westinghouse Electric | | | 9% 9% 
Byron-Jackson Pumps, 8 8 x 
Fairbanks, Morse | 


125 | 150 | 200 | 250 
hp 


| 
60 | 75 100 | 
hp | hp 


hp | hp | hp hp 


Outside Diameter—in. 


9% 


| 10 


* Most of the manufacturers also make two-pole motors, but usually in only the smaller sizes, although some 


go up to 40 hp and higher. 


Motor Efficiency 


There is a wide variation in the effi- 
ciencies claimed by the various manu- 
facturers of submersible motors. Even 
the most efficient submersible motors, 
however, are considerably less efficient 
than comparable surface motors. It is 
its greater efficiency which makes it 
possible for the line shaft pump to com- 
pete on an economic basis with the sub- 
mersible pump. Often the difference is 
more than enough to offset the shaft 
friction losses and higher column losses 
of the line shaft pump. In Table 3 the 
full-load efficiencies of a number of 
submersible motors are compared with 
those of a typical line shaft motor. 


loss is a much higher percentage of 
the total horsepower requirements than 
at the higher capacities. At 200 gpm, 
this loss constitutes nearly 10 per cent 
of the total brake horsepower, whereas 
at 1,500 gpm this loss amounts to less 
than 3 per cent. The most efficient 
submersible motors were used in all 
calculations. 

The thrust loss for both the line 
shaft and submersible pumps has been 
disregarded in all calculations, because 
the amount is insignificant for the type 
of motors under consideration. This 
loss, however, can be appreciable with 
some other types of submersible 
motors. 
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. 2. Comparison of Production Costs With Line Shaft and Submersible Pumps 
at Various Production Rates and Setting Depths 


Solid and dashed curves represent line shaft and submersible pumps, respectively. 

Each pair of curves is labeled to show the number of hours of operation per year. 

Parts a, b, c, and d represent data for pumping rates of 200, 500, 1,000 and 1,500 gpm, 
respectively. 
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Comparison of Pumpage Costs 


Figure 2, showing the cost per mil- 
lion gallons of water pumped, indicates 
that at a capacity of 200 gpm, pumping 
costs are lower with a submersible 
pump (based on at least 4,000 hr of 
operation per year). At the higher 
capacities the line shaft pumps appear 
to have a very slight advantage at most 
setting depths. It should be noted, 
however, that the costs do not reflect 
the fixed charges on a well house or 
maintenance costs. These costs were 
not included, because the cost of a well 
house can vary from several hundred 
to several thousand dollars, and, as al- 
ready stated, maintenance costs on sub- 
mersible pumps were not available. 


Comparison of Capital Costs 


A comparison of capital costs is 
shown in Fig. 3. As would be ex- 
pected, the submersible motors are 
considerably more expensive than the 
line shaft motors, although with 
deeper settings, the total cost of the 
submersible units approaches that of 
the line shaft units. This is especially 
true of the larger-capacity units, and 
it should be noted that in the 1,500- 
gpm size the submersible unit is less 
expensive at settings deeper than 450 
ft. The cost of the complete unit given 
in Fig. 3 includes such items as the 
motor adapter and surface plate for 
the submersible pump and the pump 
head and suction piping for the line 
shaft unit. This additional equipment 
is not included in the breakdown 
prices. 


Proper Setting Depth 


Setting a pump at the proper depth 
is important if the most economical 
operation is to be obtained. Unfortu- 
nately, this problem often receives too 
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little attention, and, as a result, pump- 
ing costs are higher than necessary. 

Figure 4 indicates a method of se- 
lecting the right setting depth. Al- 
though conditions naturally vary from 
system to system, the basic method 
should be generally applicable. The 
figure is based on the assumptions 
that : 

1. The well is drilled 100 ft deeper 
than the setting depth. 

2. A 14-in. well is used with motors 
up to and including 100 hp, a 16-in. 


TABLE 4 


Full-Load Efficiencies of Various 
Pump Motors 


| Submersible Motors 


| Line 
| Shaft 
Pump 


Motor 
Motor 


Horse 
power 


Full-Load Efficiency — per cent 
89.0 
89.5 
91.0 
90.5 
91.0 
91.5 
92.0 
92.0 
92.5 
92.5 
92.5 
92.5 
92.5 


84.0 
85.5 
86.5 
87.5 
88.0 
88.5 
89.0 
89.5 
89.5 
89.5 


well up to and including 250 hp, and 
an 18-in. well with a 300-hp motor. 

3. The static water level is 100 ft 
below grade level. 

4. The well is cased to a depth of 
80 ft. 

5. Reduced-voltage starters are used 
on motors of 100 hp or more. 

6. Fixed costs are 11.5 per cent of 
total capital costs, including labor and 
material for a complete well and pump 


4 

1 

| 

20 | 83. 
a 25 | 86. 

30 

40 | 86.1 

50 86.( 

60 88. 

75 88. 

100 88 

125 87.4 

150 86.( 

200 87.( 

350 89.1 

300 89. 
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Fig. 3. Comparison of Costs of Line Shaft and Submersible Pumps for 
Various Setting Depths 


Solid and dashed curves represent data for line shaft and submersible pumps, respec- 
tively. Parts a, b, c, and d are for pumping rates of 200, 500, 1,000, and 1,500 gpm, 
respectively. 
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Fig. 4. Most Economical Setting Depths for Line Shaft and Submersible Pumps 


Solid and dashed curves represent data for line shaft and submersible pumps, respec- 

tively. Parts a, b, and c give data for 4,000, 6,000, and 8,000 hr of operation per 

year, respectively. Each pair of curves is labeled to show the specific capacity (in 
gallons per minute per foot of drawdown) of the well considered. 
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installation, real estate, and a 14-in. 
transmission main, 1,000 ft in length. 

In Fig. 4, the cost per million gal- 
lons pumped is plotted against setting 
depth for wells with assumed specific 
capacities of 3, 6, and 9 gpm/ft. The 
cost per million gallons is determined 
from the fixed charges and power 
costs. The specific capacity of a well 
must be determined experimentally by 
means of a test pump and varies greatly 
with the type of well and locality. 

It will be noted that the setting 
depth should be reduced as the spe- 
cific capacity of the well increases. 
The setting depth becomes somewhat 
less as the number of hours of opera- 
tion per year increases. The most 
economical setting is, of course, repre- 
sented by the low point on the curve. 

If records indicate that the water 
table in the area is being gradually 
lowered, as is often the case, then 
allowances should be made for this 
factor. Other factors being equal, a 
submersible should possibly 
have a slightly greater setting depth 
than a line shaft pump to avoid cavi- 
tation, because a suction pipe cannot 
be used. 


Conclusions 


From a purely economic standpoint, 
maintenance excepted, it would appear 
that the line shaft pump is the better 
selection in capacities of 500 gpm and 
higher, although the advantage is very 


slight at the deeper settings. The line 
shaft pump is also more economical in 
the lower capacities (200 gpm) at set- 
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tings less than 400 ft deep. At deeper 
settings the submersible pump would 
be the better selection, provided that 
the annual operation was 4,000 hr or 
more. If operation was expected to 
be less than this, the line shaft pump 
would probably be the better selection 
at all setting depths. 

The cost of standard manufacturer’s 
material was used throughout. If 
special construction, such as stainless- 
steel shafting, were specified, it could 
easily increase the cost of the line shaft 
pump to more than that of the sub- 
mersible pump at practically all set- 
ting depths. 

Although no maintenance figures 
were available for submersible pumps, 
it is generally agreed that the cost of 
maintaining line shafts goes up rapidly 
as the length increases. At least one 
large pump manufacturer will not 
quote prices on a line shaft pump with 
a setting depth greater than 350 ft. 

It can safely be stated that there is 
a place for both types of pump; the line 
shaft unit is generally preferred at 
shallow settings, and the submersible 
makes its best showing at the deeper 
settings. 
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Water Quality Standards 


A Symposium 


A group of papers presented on May 17, 1960, at the Annual Con- 
ference, Bal Harbour, Fla., on the value, use and development of water 


quality standards. 


Introduction—Ray L. Derby 


A paper presented by Ray L. Derby, Prin. San. Engr., Dept. of Water 


‘> Power, Los Angeles, Calif. 


N order to judge the quality of any 

product, it is necessary to have 
some standard. Ask the old-timers in 
the country, many of whom claim that 
their water is the best in the United 
States or even in the worid, why they 
think so, and they usually reply that 
“it tastes good, looks good, does not 
smell, and nobody dies.” These four 
criteria of potability are, of course, 
basic. Nowadays, however, communi- 
ties are growing in size and number, 
and have become more and more in- 
dustrialized. Natural water sources 
have consequently become more vul- 
nerable to pollution from domestic and 
industrial wastes. Many of the newer 
polluting substances are such that the 
senses of taste, sight, and smell are 
no longer a help in determining the 
potability of water. 

All too often in the recent past man 
has been confronted with illness of 
some sort before he realized the dan- 
gerous character of his water supply. 
Sixty years ago, the incidence of ty- 
phoid fever in major United States 
cities drawing their water from surface 
sources was a national disgrace. Since 
that time, however, standards and 
criteria have been developed and have 


played a major role in the detection 
and control of pollution, until at the 
present time very few cities have rec- 
ords of recent serious illness traceable 
to their water supplies. 


USPHS Standards 


In 1914, USPHS, then operating 
under the US Treasury Department, 
developed standards for water used 
on interstate carriers. These common 
carriers now include railroads, buses, 
planes, and steamships, and most of 
the major cities serve one or more of 
them. For uniformity within individ- 
ual states, a majority of the 50 states 
have adopted the USPHS standards 
as a requirement for a permit to supply 
domestic water within the state itself. 
A few states have no definite standard, 
and the remainder have their own 
standards. 

The USPHS standards aimed at 
what was thought to be the major 
danger in water supplies. The stand- 
ards had three major kinds of require- 
ments: (1) bacteriologic; (2) physi- 
cal; (3) chemical. 

The bacteriologic standard specified 
a maximum coliform organism con- 
tent and a maximum total bacterial 
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content. The physical standard placed 
limits on such things as the taste, odor, 
and turbidity of a supply. The chemi- 
cal standard limited the concentration 
of certain chemicals that were known 
or thought to be detrimental, such as 
arsenic, iron, zinc, and copper. 


Revisions of Standard 


There have been many changes in 
the USPHS Drinking Water Stand- 
ards, the latest being made in 1946.* 
In addition to the bacteriologic, chemi- 
cal, and physical standards, the 1946 
standard also requires that the water 
supply come from a source free from 
pollution, or one in which pollution 
may be reduced by natural agents or 
one in which the water may be treated 
by artificial means. 

The bacteriologic requirements have 
changed in that the _total-bacterial- 
count criterion has been abandoned, 
as a result of experience indicating 
that many otherwise satisfactory waters 
might frequently have a high non- 
pathogenic bacterial count owing to the 
presence of organic nutrients in the 
water. 

The physical requirements still 
closely guard those conditions which 
are most obvious to the water con- 
sumer—taste, odor, and appearance. 

The chemical requirement has been 
modified considerably over the years, 
and there has been much agitation in 
the last few years—with considerable 
justification—for a thorough review of 
many of the former limits on the con- 
tent of certain chemical substances. 
Selenium and nitrates are two sub- 
stances that have received a great deal 
of attention in the past few years. The 
permissible copper content has been 
increased over its original limit, as 
has that of zinc. There has also been 
much agitation in recent years for re- 
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laxing the limits on chromium, at first 
thought to be highly injurious to 
humans. A number of well qualified 
biochemists claim that the human body 
can stand amounts of chromium some- 
what higher than those specified in the 
1946 standard. There have also been 
requests for limits to be set for such 
substances as cadmium, cyanide, ABS, 
and radioactive materials. 

The limit for total solids has been 
debated for some time. Originally set 
at 500 ppm, it was relaxed to permit 
up to 1,000 ppm where there is no 
other water source available. Al- 
though this may be a reasonable re- 
quirement where the water is used for 
interstate carriers, which are generally 
supplied by large water systems, the 
adoption of these standards by state 
departments of health and their uni- 
form application to all water purvey- 
ors throughout the state have no doubt 
caused hardships in some localities. 
There are many communities where 
the only source of water available 
within economic limits is one which 
frequently may contain as much as 
1,500-1,600 ppm total solids. Such 
supplies have, however, been used for 
many years without apparent injurious 
effect. California, at present, is recog- 
nizing this situation, and now, rather 
than denying a permit to use such a 
supply, is issuing temporary permits 
with the hope that the community 
may eventually find other, less min- 
eralized supplies or the means to treat 
its inferior supply at a reasonable cost. 


Sanitary Engineering Practices 


In addition to the drinking water 
standards, USPHS has also made cer- 
tain recommendations in regard to 
sanitary engineering practices. This 
is an important step toward the true 
evaluation of the potability of a water 
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supply. These recommendations of 
sanitary practice permit the exercise 
of judgment in evaluating the safety 
of a water supply. As is well known, 
many water supplies that are normally 
safe may at times be subject to very 
serious contamination. On the other 
hand, other supplies, coming from 
areas practically free from potential 
pollution, may have bacteriologic 
analyses normally inferior to those of 
the former supplies. The second sup- 


ply could actually be by far the safer 
supply. 

There is no doubt that during the 
past 14 years thinking in regard to 
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drinking water quality has undergone 
considerable change. It is, therefore, 
quite timely that consideration be given 
to revising these standards and bring- 
ing them up to date. As it has been 
mentioned, the very fact that the 
USPHS standards have been adopted 
for general use by the majority of 
the states makes it advisable that they 
be given a thorough evaluation at this 
time. 
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New USPHS Standards—Omar C. Hopkins and 


Oscar Gullans 


A paper presented by Omar C. Hopkins, Deputy Chief, Water Supply 
& Pollution Control Div., USPHS, Washington, D.C., and Oscar 
Gullans, Chief Filtration Engr., South Dist. Filtration Plant, Chicago, 
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Although the USPHS _ Drinking 
Water Standards were first adopted in 
1914 to protect the health of the 
traveling public, the general and 
widespread use of the standards has 
led to their development into a docu- 
ment applicable to water supplies gen- 
erally throughout the United States. 
AWWA _ has thus accepted the 
standards. 

It has been 18 years since the last 
major technical change was made in 
the standards and 14 years since an 
editorial change was made. Atomic 
energy and other technological devel- 
opments require their review and 
updating. 

Original Requirements 
In reporting on the 1914 standards? 


the USPHS Advisory Commission de- 
cided that their problem was to recom- 


mend not standards of purity but 
limits of impurities such as to meet 
the following requirements : 

1. That the water supplies conform- 
ing to the prescribed requirements be 
free from injurious effects on the 
human body and free from offensive- 
ness to the senses of sight, taste, and 
smell 

2. That supplies of the quality re- 
quired be obtainable by common car- 
riers without prohibitive cost 

3. That the examinations necessary 
to determine whether a given water 
supply meets the requirements be as 
few and as simple as consistent with 
their purpose. 

These basic concepts are still valid. 

The 1914 commission recommended 
only maximum bacteriologic limits be- 
cause: (1) the control of waterborne 
disease was the most important con- 
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sideration facing the commission; (2) 
an agreement was possible on bacteri- 
ologic standards; (3) it was very diffi- 
cult to assess the health effects of the 
physical and chemical characteristics 
of water; and (4) information as to 
the source and protection of the water 
supply was not generally available. 


Revisions 


The commission utilized the knowl- 
edge and resources then available to 
meet the most pressing water quality 
problems. This same procedure was 
followed in the first revision of the 
standard in 1925,? when new sections 
on “source and protection” and “physi- 
cal and chemical characteristics” were 
added, and again in 1942 and 1946,° 
when the standard expanded the defi- 
nition of the water supply system to 
extend from the water source to the 
free-flowing outlet of the ultimate con- 
sumer. This same philosophy is also 
guiding the present revision. 

A USPHS Advisory Committee for 
the revision of the 1946 Drinking 
Water Standards has been appointed 
by Assistant Surgeon General M. D. 
Hollis, Chief Sanitary Engineer, 
USPHS, and has met twice, in March 
1959 and in March 1960. This com- 
mittee is composed of representatives 
of thirteen national and professional 
organizations, including AWWA and 
three federal agencies, and one mem- 
ber at large. A technical subcommittee 
of USPHS officers was appointed to 
assist the committee. At the same 
time, a task force on toxicology was 
established to review the chemical 
standard. 


Committee Recommendations 


In the committee’s discussion of the 
standard it was unanimously concluded : 
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1. The proposed standard should be 
discussed widely before a final report 
is submitted. 

2. A new section on radionuclides 
should be added. 

3. Greater attention should be given 
to the chemical substances being en- 
countered increasingly in both variety 
and quantity in water sources. 

4. The rationale employed in deter- 
mining the various limits should be 
included in an appendix. 

5. The proposed format, with the 
exceptions noted above, should not 
differ greatly from the present 
standards. 

6. The standard document should be 
suitable for general use. 

7. The proposed standard should 
continue the use of the two types of 
limits, “recommended or permissive” 
and “mandatory or maximum,” used 
in previous editions. (Some considera- 
tion was given to including a third 
type of limit, an optimum-level or 
“incentive” limit, but, with the excep- 
tion of fluoride, this limit has not been 
proposed. ) 

In the current revision, the “manda- 
tory” limit is used to protect the health 
of water users from toxic substances. 
The “recommended” limit is used to 
indicate the levels at which the water 
is made objectionable to an appreciable 
number of people. Both limits are in- 
cluded for some substances. 


‘Source and Protection’ Section 


It is proposed to rewrite the “source 
and protection” section approximately 
as follows: 


The water supply shall be: (a) ob- 
tained from a source which is adequately 
protected by natural means or; (b) ade- 
quately protected by treatment. 
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The water supply system should be 
demonstrated to be free of health hazards 
by frequent sanitary surveys. The fre- 
quency of these surveys and the rate at 
which discovered health hazards are to 
be removed shall be established by a pro- 
gram approved by the reporting agency 
and certifying authority. 

Approval of water supplies shall be 
dependent in part upon the existence 
of: (a) rules and regulations to prevent 
the development of health hazards; (b) 
periodic inspections to evaluate the ade- 
quacy oi protection of the supply through- 
out all parts of the system; (c) the op- 
eration of the water supply system under 
the charge of responsible personnel whose 
qualifications are assured by a recognized 
authority; (d) a system capacity ade- 
quate to meet peak demands without 
creating low pressures or other health 
hazards; (e) a record of frequent labo- 
ratory examination showing consistent 
compliance with the water quality re- 
quirements of these standards. 

For the purpose of application of these 
standards, responsibility for the condi- 
tions in the water supply system shall 
be considered to be held by: (a) the 
water purveyor from the source of sup- 
ply to the connection to the customer’s 
service piping; and (b) the owner of 
the property served and the municipal, 
county, or other authority having legal 
jurisdiction from the point of connection 
to the customer’s service piping to the 
free flowing outlet of the ultimate 
consumer. 


The statements that the water sup- 
ply system is to be under the super- 
vision of qualified personnel and ade- 
quate to meet peak demands were re- 
moved from the section on definitions, 
where they were frequently overlooked, 


and inserted in this section where they 


should receive more adequate consid- 
eration. It is made clear that 
these statements apply to the entire 


also 
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water system and not just to the treat- 
ment works. 


Bacteriologic Quality 


Practically no change has _ been 
made in the section on bacteriologic 
quality. The membrane filter tech- 
nique has been designated as an ac- 
ceptable test for coliform organisms 
and the minimum number of samples 
per month for populations under 2,000 
has been increased from one to two. 
An attempt was made to develop a 
rational method for determining the 
minimum number of samples required 
per month. From a purely statistical 
point of view, this could be done. 
Knowledge concerning the many fac- 
tors involved is so inadequate, how- 
ever, that it was found advisable to 
defer the attempt. An effort will be 
made in the near future to secure addi- 
tional information on the subject in 
cooperation with the members of 
AWWA. 

The problem of enteric viruses in 
water is of increasing concern. Tech- 
niques of virology have not been ade- 
quately developed, however, to recom- 
mend virus enumeration as a routine 
procedure in the examination of drink- 
ing water. It was decided to discuss 
the virus problem only briefly in an 


appendix. 
Physical Characteristics 


It is proposed to revise the physical 
standard to recommend that: (1) tur- 
bidity should average less than 5 
units; (2) color should average less 
than 15 units; (3) the threshold odor 
number should average less than 3; 
and (4) the water should have no 
objectionable taste. Under special 
conditions, the reporting agency and 
the certifying authority may permit 
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deviation from these requirements if 
the water supply meets the other re- 
quirements of the standards and if the 
supply is the best one available. 

The requirements on turbidity, color, 
and odor are generally attainable by 
properly designed and operated treat- 
ment plants and distribution systems. 
Failure to meet these requirements 
indicates inadequate facilities, im- 
proper operation or an unsuitable raw- 
water supply. Those water supplies 
used without treatment should also 
meet these requirements. 

Although these tests do not directly 
measure the wholesomeness or safety 
of the water, they are related to con- 
sumer acceptance of the water. The 


average levels of 5 units of turbidity, 
15 units of color, and a threshold odor 
number of 3 are levels above which 
these characteristics become objection- 
able to a considerable number of peo- 
Experience has shown that under 


ple. 
such circumstances, many people turn 


to alternative supplies which may be 
less safe. 

Many individuals consider that the 
usual treatment plant can produce 
water of potable quality exceeding 
these requirements and that the limits 
should therefore be lowered. There is 
no unanimity on this point, however. 
Too little is known about the deteri- 
oration of the physical quality of water 
in distribution systems. The stand- 
ards, of course, refer to the water 
people drink and not the plant effluent. 
Again, with the cooperation of the 
members of AWWA, it is hoped that 
changes in quality of water as it passes 
through the distribution system may 
be studied. 


Radiologic Quality 


It has been decided that radiologic 
criteria of drinking water quality will 
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be included in the revised standards. 
The development of these criteria will 
depend upon receipt of recommenda- 
tions from the Federal Radiation 
Council, which was established on 
Aug. 14, 1959, by executive order. 
On Sep. 23 Congress, in Public Law 
86-373, made the Federal Radiation 
Council a statutory body. The coun- 
cil, consisting of the secretary of the 
Department of Health, Education, and 
Welfare as chairman, the chairman of 
the AEC, and the secretaries of De- 
fense, Commerce, and Labor, is di- 
rected to advise the President on radi- 
ation matters which directly or indi- 
rectly affect the national health. This 


TABLE 1 
Chemical Limits Not Affected by 
New Revision 
Limit* 
ppm 
250 


Substance 


Chloride (as Cl) 

Chromium 
(hexavalent, as Cr) 

Phenol 

Sulfate 

Total solids 


0.05* 

0.001 
250 
500 


* The limit on chromium is mandatory; all others 
are recommended. 


advice is to include guidance for all 
federal agencies in the formulation of 
radiation standards. 

It may be anticipated that the rec- 
ommendations made to the President 
by the Federal Radiation Council and 
subsequently issued by the President 
as policy guidance for all federal agen- 
cies will consist of broad guidelines 
rather than detailed operational stand- 
ards. The individual agencies will be 
required to prepare operating stand- 
ards based on and consistent with these 
policy guidelines, which are expected 
to be available sometime this year. 
It should not take too long to develop 
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acceptable standards, once the guide- 
lines are received. Probably the most 
difficult task will be to prescribe prac- 
ticable procedures for insuring the 
radiological safety of water supplies 
without requiring an undue amount of 
radiochemical work. 


Chemical Characteristics 


The 1914 standards were bacteri- 
ologic standards because the main 
problem facing the water utility opera- 
tors at that time was the control of 
waterborne disease caused by living 
organisms. The profession has learned 
how to cope with this problem, how- 
ever; it has learned so well, in fact, 
that very few changes in the bacteri- 
ologic section are being proposed. 

Today the new challenge facing the 
water supply profession is the control 
and removal of the hazardous nonliving 
contaminants—the chemicals and iso- 
topes which are being produced in a 
bewildering array of new compounds. 
It is to be expected that some of these 
chemicals, as well as the wastes from 
their production, enter public water 
supplies. Unfortunately, very little is 
known about the extent of the pollu- 
tion of the nation’s water supplies by 
these new chemicals, which include the 
many commercial poisons. 

In the current revision of the 
USPHS Drinking Water Standards, 
by far the greatest amount of effort has 
gone into the problem of setting limits 
for chemical contaminants. The toxi- 
cological task force, under the chair- 
manship of Herbert Stokinger, accu- 
mulated a great deal of information 
for the committee to consider. It is 
proposed that much of this material 
used by the committee in arriving at 
conclusions be included in an appendix. 

Table 1 lists those substances for 
which no change is proposed at the 
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present time. In fact, there has been 
very little discussion of these limits. 
With the exception of the mandatory 
limit for hexavalent chromium, the 
proposed limits are recommended 
limits. As stated in the 1946 revision, 


water supplies containing these sub- 
stances in excess of the limiting con- 
centrations should not be used, if, in 
the judgment of the certifying author- 
ity, more suitable supplies are available. 


Proposed Changes 


Table 2 lists those substances for 
which changes in the limiting concen- 
trations have been proposed. 

Arsenic. No change is contemplated 
for the “mandatory” limit for arsenic, 
but in view of present knowledge con- 
cerning both the potential health 
hazard from the ingestion of inorganic 
arsenic and its toxicity to fish, a rec- 
ommended limit of 0.01 ppm is 
proposed. 

Copper. The recommended limit 
for copper is being reduced from 3.0 
ppm to 1.0 ppm primarily because of 
the taste problem. 

Fluoride. A recommended or opti- 
mum level and mandatory limit based 
on average maximum daily tempera- 
ture ranges (set forth in the appendix 
to the standard) are being considered. 
The optimum level is the concentration 
which produces the maximum health 
benefits. The mandatory limit is de- 
signed to protect the population against 
severe dental fluorosis. Tentative 
conclusions relative to limits for flu- 
oride have not been reached by the 
committee and are included for infor- 
mation purposes only. 

Tron. It seems desirable to separate 
iron and manganese. 

Lead. The reduction of the manda- 
tory limit for lead from 0.1 ppm to 
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0.05 ppm is proposed because: (1) 
lead is a cumulative poison; (2) daily 
intake of lead in excess of 0.6 mg may 
result in the accumulation of lead in 
the body at rates that increase as the 
daily dose increases; (3) the amount 
of lead intake from food sources is 
probably approaching an_ irreducible 
minimum, whereas exposure from 
other sources, such as the atmosphere, 
is increasing; and (4) it is believed 
lead exposure should be reduced 
wherever possible. 
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Selenium. The presence of selenium 
in water has heretofore been a matter 
of only regional importance. The fact 
that it is now recognized as being toxic 
to both man and animals makes it es- 
sential that limits be set for all water 
intended for human consumption, In 
view of current pathological data, the 
mandatory limit has been reduced from 
0.05 ppm to 0.01 ppm. 

Zinc. Inasmuch as zinc does not 
cause serious effects on health but 
rather imparts undesirable esthetic ef- 


TABLE 2 
Proposed Revision of Chemical Limits in 1946 USPHS Drinking Water Standards 


Substance 


Arsenic (as As) 
Copper (as Cu) 
Fluoride (inorganic) 
Iron (as Fe) 

Lead (as Pb) 
Manganese (as Mn) 
Magnesium (as Mg) 
Selenium (as Se) 
Zinc (as Zn) 


Limiting Concentration—ppm 


| 


Recommended | Mandatory 


Proposed Proposed 


0.01 
1.0 
1.0* 
0.3 


0.1 
50 


5 


* Variabk, depending on average annual temperature. 
t lron and manganese together. 


Magnesium. Three properties of 
the magnesium ion impose a need to 
restrict its concentration in potable 
water ; these are salinity, intestinal ef- 
fects, and hardness. Of these, it ap- 
pears that hardness is the most limit- 
ing. The recommended limit is being 
reduced from 125 ppm to 50 ppm. 

Manganese. A recommended limit 
of 0.1 ppm is proposed, as domestic 
complaints apparently arise whenever 
the level of manganese exceeds 0.15 
ppm, regardless of the iron content. 


fetts on water in concentrations ap- 
proximately 15 ppm and greater, a 
level of 5 ppm zinc as the metal ion has 
been recommended. Levels of zinc ion 
of 15 ppm or greater are considered 
excessive. 


New Substances 


Table 3 lists the limiting concentra- 
tions of substances which are included 
in the standard for the first time. 

Anionic detergent. Because reports 
of contamination of drinking water 
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supplies by detergents are becoming 
more common, recognition of this con- 
taminant seems necessary. More than 
75 per cent of the surfactants in house- 
hold detergents are of the anionic type, 
the principal agent of which is alkyl 
benzene sulfonate (ABS). It is 
largely for this reason that the degree 
of detergent contamination is estab- 
lished in the terms of the concentra- 
tion of ABS as well as because rea- 
sonably satisfactory laboratory proce- 
dures for its quantitative determination 
are available. 

The recommendation of a limit of 
0.5 ppm for ABS is justified on the 
basis that beyond this level drinking 
water so contaminated may exhibit 
undesirable foaming. Such a concen- 
tration also indicates that at least 5 
per cent of the water is of sewage 
origin. 

Barium. No study appears to have 
been made of the amounts of barium 
that may be tolerated in drinking 
water. A rational basis for a water 
standard may be derived from the 
threshold limit in air of 0.5 mg/cum 
set by the American Conference of 
Governmental Industrial Hygienists. 
By making reasonable assump*ions as 
to the retention of inhaled barium 
dusts and absorption from the intes- 
tine, and by including a safety factor, 
1 ppm has been derived as a limit that 
should constitute a “no effect’ level 
in water. Because of the seriousness 
of the toxic effects of soluble barium 
on the heart, blood vessels, and nerves, 
the limit of 1 ppm barium is mandatory. 

Cadmium. So far as is known, cad- 
mium is biologically a nonessential, 
nonbeneficial element. On the other 
hand, cadmium is recognized to be an 
element of high toxic potential. All 
levels down to and including 0.1 ppm 


of dietary cadmium in drinking water 
have shown cadmium accumulation in 
the soft tissues. A mandatory limit 
of 0.01 ppm for cadmium is therefore 
proposed. 

Cyanide. The mandatory limit of 
0.2 ppm cyanide is desirable for the 
protection of the health of human 
populations, The mandatory limit 
provides a factor of safety of approxi- 
mately 100 and is set at this level be- 
cause of the rapidly fatal effect of cya- 
nide and to minimize chlorine demand. 
Proper chlorination under neutral or 


TABLE 3 


New Chemical Limits to be Included in 
Revised USPHS Standards 


Limiting Concentration— 


Substance 


Recom- 


Mandatory 


ABS 

Barium (as Ba) 1.0 
Cadmium (as Cd) | | 0.01 
Cyanide (as HCN) 0.2 
Nitrates (as N) 

CSCFE* 


* Chloroform-soluble carbon filter extract. 


alkaline conditions will reduce hydro- 
gen cyanide to the recommended level. 

Nitrates. High nitrate content in 
private well waters has been reported 
to cause methemoglobinemia in infants, 
but public supplies have not been so 
involved. Although precise limits have 
not been established, it is generally 
agreed that water containing more 
than 10-20 ppm of nitrate nitrogen 
should not be used to feed infants. 
The committee believes, therefore, that 
a recommended limit of 10 ppm nitrate 
nitrogen should be established. If the 
nitrate content of the water exceeds the 
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recommended limit, the public and par- 
ticularly the medical profession should 
be informed. 

Chloroform-soluble carbon filter ex- 
tract. The use of chloroform-soluble 
carbon filter extract (CSCFE) as a 
practical measure of water quality and 
as a safeguard against the intrusion of 
excessive amounts of potentially toxic 
material into water has been discussed 
elsewhere. The procedure is pro- 
posed as a technically practical one, 
which will afford a warning against the 
presence of otherwise undetected and 
possibly toxic materials in finished 
drinking water. 

The most desirable condition obtain- 
able is one in which there are no 
chloroform-soluble residues in the 
water supply as delivered to the con- 
sumer. Chloroform-extractable matter 


in the treated water clearly represents 
the presence of man-made or natural 
pollutants in the raw water which have 


not been removed in water treatment 
or material (such as lubricants) in- 
advertently introduced by the water 
plant. In view of a general inability 
to define clearly the chemical and toxi- 
cological nature of this material, it is 
most desirable to limit its presence 
to the lowest obtainable concentration. 
Analysis of available data indicates 
that water supplies containing over 200 
ppb of CSCFE represent an excep- 
tional and unwarranted exposure of 
the water consumer to _ ill-defined 
chemicals. It has been recommended 
that drinking water contain not more 
than 200 ppb of CSCFE. 

The committee believes this proce- 
dure may be a most important step in 
protecting the health of the public 
against the presence of undetected 
toxic materials in their drinking water. 
It is considered to be an advanced 
contribution to water quality control. 
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Pesticides. Serious consideration is 
being given to including limits for 
two groups of pesticides, the organic 
phosphates and the chlorinated hydro- 
carbons. The increasing importance 
of these commercial poisons as possible 
contaminants of drinking water is rec- 
ognized, and there is considerable 
knowledge concerning their toxicity. 
What is not known is the concentrations 
that may have to be accepted in water, 
and simple tests for their detection 
have yet to be devised. Without such 
information it is difficult to assign 
limits for the concentration of any 
toxic material in water, for it is gen- 
erally agreed that such limits should 
be no higher than necessary. It is 
hoped this problem will be resolved in 
the near future. 

Alkalinity and pH. Limits on alka- 
linity and pH are being considered, but 
no definite conclusions have been 
reached. Pertinent data bearing on 
these questions are needed, because it 
is difficult to define suitable limits. 


Conclusion 


The status of the revision of the 
USPHS Drinking Water Standards 
has been outlined in some detail to 
provide an opportunity for wide dis- 
cussion of the standard being pro- 
posed. The USPHS Advisory Com- 
mittee, which is assisting USPHS in 
this task, will meet at least once more 
before submitting its report. 
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Operator’s Viewpoint—John R. Baylis 


WATER STANDARDS—OPERATOR’S VIEWPOINT 


A paper presented by John R. Baylis, Engr. of Water Purification, 
Dept. of Water & Sewers, Chicago, Ill. 


A standard by which to judge the 
quality of water is a necessity. Fifty 
years ago there was no standard, ex- 
cept for the efforts of the departments 
of health of a few states such as Massa- 
chusetts. Slow sand filtration was so 
slow to be adopted by cities in the 
United States that not much progress 
has been made in that type of filtra- 
tion by 1910, 38 years after the con- 
struction of the first plant at Pough- 
keepsie, N.Y., and 81 years after the 
first slow sand plant in England. The 
construction of rapid sand filters for 
public water supplies started in 1885, 
and by 1910 the number of such plants 
in the United States greatly exceeded 
the number of slow sand plants. The 
rapid growth in the number of new 


filtration plants and the adoption of 
chlorination in many unfiltered sup- 
plies naturally produced a need for 
some standard of water quality. 


Need for Standard 


In 1912, when the author started 
filtration work the quality of the water 
furnished to the consumer was largely 
up to the individual water utility. 
Some of the public supplies were good, 
or made good by the treatment plant; 
others varied from good to dangerous. 
Each engineer based his design largely 
on his own idea of the quality that 
should be produced by the treatment 
plant. The author recalls a heated 
argument about chlorination between 
the late Allen Hazen and other engi- 
neers at a water supply meeting. 
Hazen believed the filter should do 
all—or nearly all—of the work of 
treatment, and that a filtration plant 


should not have to rely on chlorina- 
tion. In the heat of the argument, 
Hazen said: “You may kill the bac- 
teria with chlorine, but their carcasses 
are still in the water.” 


USPHS Standards 


Not many water officials were op- 
posed to the first USPHS standards 
adopted in 1914. They began to com- 
ply with their provisions, especially 
that relating to the bacteriologic qual- 
ity. In 1925, there was a change 
in the coliform-bacteria requirement, 
making it more rigid. No further 
major change has been made in the 
standards. Any quality requirements, 
such as for bacterial content of the 
water, must be based on tests made 
in a uniform or standard method in 
the various laboratories throughout the 
country. Standard methods of testing, 
therefore, are an essential adjunct to 
standards of quality. 


Standard Methods 


Standard Methods is an example of 
a standard that has gone through many 
revisions to keep up with progress 
in water treatment. The year 1914 
marked the author’s first experience in 
operating a filter after 2 years of super- 
vising the construction of a filtration 
plant for a city of about 25,000 in- 
habitants. An important purchase was 
the second (1913) edition of Standard 
Methods. It was not difficult to learn 
to perform some of the simple tests 
such as turbidity, alkalinity, carbon 
dioxide and soap hardness of the 
water. The testing procedures given 
in Standard Methods were followed 
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closely. Effort was made to maintain 
the bacteridlogic requirements of the 
US Treasury Department for common 
carriers, with the laboratory of the 
state department of health conducting 
the bacteriologic tests. One important 
early revelation was that the filtered 
water did not meet the requirements 
of the USPHS standards without the 
use of chlorine. This was found to 
be true for most rapid sand plants. 
Adding hypochlorite of lime continu- 
ously, and in the amounts needed, was 
not so easy with the chlorine equip- 
ment available at the time. 

Standard Methods became, and still 
is, the most important book defining 
methods of conducting tests in the 
water laboratory. It should be in all 
water utility laboratories. All person- 


nel performing laboratory tests, even 
if only residual-chlorine tests or tur- 
bidity tests, should have a copy of 


the methods readily available. Even 
though an operator feels he knows 
the method so well that he could re- 
peat it from memory, he should form 
the habit of occasionally reading over 
the procedure. Water treatment tech- 
nicians should follow every detail given 
in each test procedure. 

The preface to the 1933 edition re- 
peats the prefaces to several earlier 
editions and gives the names of those 
who prepared the early methods. The 
preparation of Standard Methods has 
always been in good hands and has 
now become the standard manual for 
water testing. 

Originally, Standard Methods was 
published by APHA. AWWA, as an 
organization, apparently played little 
or no official part in the preparation 
of Standard Methods until 1923. 
Since that time, however, the two asso- 
ciations have had an equal share and 
responsibility in the publication of the 
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standards. The American Chemical 
Society (ACS), through its section on 
water, sewage, and sanitation, contin- 
ued to cooperate in the preparation of 
the chemical methods. In fact, WPCF 
(formerly FSIWA), since 1947, has 
been a partner in the publication of 
Standard Methods. 

Standard Methods, as_ published 
jointy by AWWA, APHA, and 
WPCF, is revised from time to time 
to keep abreast of the times. An ex- 
cellent job is being done, and has been 
done in the past, by the committees for 
preparation of the methods, and this 
one major tool for determining water 
quality has been kept up to date for 
many years. 


Turbidity Measurements 


The turbidity test is one of the more 
important tests of water quality. All 
editions of Standard Methods have 
given methods of preparing standards 
for making turbidity tests, based on 
the method used by USGS. For tur- 
bidities between 0 and 25, comparison 
of the water under examination with 
the standards were made by viewing 
the water in bottles looking through 
the side of the bottle. The lowest 
standard generally was a turbidity of 
5. Anyone making a test might use 
a lower standard or guess at the tur- 
bidity between 0 and 5. It soon be- 
came the practice of operators to call 
“zero” any turbidity less than 2 or 3. 
Operators may have liked this kind of 
a test because it enabled them to re- 
cord the water as having zero turbid- 
ity, when the actual turbidity may 
have been 1-2. 

Because of the evident urgent need 
for more accurate turbidity measure- 
ment, development of instruments for 
accurate measurement of low turbidi- 
ties became essential. The author de- 
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veloped a floc detector, the Baylis tur- 
bidimeter, and the cotton plug filter 
(for attachment to the effluents of fil- 
ters). Not much use has been made 
of the floc detector, although it has 
proved helpful in some filtration plants 
troubled with passage of coagulated 
matter through the filter beds. The 
Baylis turbidimeter has had consider- 
able use in water laboratories. It is 
sensitive to a turbidity of 0.05. The 
cotton plug filter is not being used ex- 
tensively at present. Its use shouid 
increase in filtration plants where there 
is desire to keep close check on the fil- 
ters. There are now other turbidity 
instruments that will measure low tur- 
bidities. No filtration plant should be 
without some sensitive device for 


measuring the suspended matter that 
passes through filters, and it should 
distinguish between colloidal and floc 
turbidity. 


Need for High-Grade Employees 


To obtain the most value from the 
test methods now available, water labo- 
ratories must have well trained chem- 
sits and bacteriologists. There has 
been some recent effort to make water 
treatment plants so automatic that only 
a small number of employees is needed. 
Surely the elimination, or reduction, 
of the number of technical employees 
in the plant would be a step in the 
wrong direction. The present lack of 
highly educated chemists and _ bacteri- 
ologists in at least some water filtra- 
tion plants makes one wonder whether 
an unwise trend in management is 
heing developed. 

A certain amount of automation is, 
of course, helpful in plant operation. 
Some of the pumping stations are ca- 
pable of completely automatic opera- 
tion. The ever changing characteris- 
tics of water entering treatment plants 
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requires good technical supervision— 
supervision that cannot be replaced 
with automatic devices. Any lessening 
of such supervision would create a 
potential health hazard. The author 
would caution management to go slow 
in replacing or trying to do without 
highly trained chemists in water filtra- 
tion plants. 

There seems to have been some 
lessening of the quality of chemists 
employed by water utilities. At the 
same time, there has been an increase 
in the quality of chemists and bacteri- 
ologists employed in public health 
laboratories. It is true that the mod- 
ern filtration plant has many mechani- 
cal parts to be kept going. Good me- 
chanical equipment alone cannot pro- 
duce a water of high quality. It cannot 
decide on the treatment that will pro- 
duce the best coagulation. It cannot 
determine how much objectionable in- 
dustrial waste is in the water, or how 
much bacterial pollution. Filtration 
plants in the 10-50-mgd capacity range 
nowadays usually have one operator 
who is well trained in keeping the me- 
chanical part of the plant going. He 
may also do the testing in the labora- 
tory, or there may be a chemist with 
high school training, or, at most, 1-2 
years of college instruction, making 
pH, turbidity, residual-chlorine, alka- 
linity, and hardness tests. This may 
be all the engineer of the plant feels 
that he needs, but it may not be all 
that is needed in many water supplies 
subject to pollution. 

When the competent engineer re- 
tires, who is going to succeed him? 
Will it be the none-too-well educated 
chemist, or another engineer with little 
or no filtration training? The low 
salaries now paid chemists and bacteri- 
ologists in the water supply field are 
not going to attract many college 
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graduates. With equal education, it 
is just as easy to train the chemist how 
to operate the mechanical parts of a 
filtration plant as it is to teach an engi- 
neer the chemistry he would need. 
Standards of water quality that would 
take the personnel as well as plant fa- 
cilities into consideration would do 
much to bring about the selection of 
better educated chemists in water 
treatment. This is an important need 
that is being overlooked. 


Need for Research 


There is now an urgent appeal for 
more research in individual water utili- 
ties. The need is considered so great 
that there is even consideration of cen- 
tralized research with highly trained 
personnel directing the work. The 
present situation is largely one of the 
industry’s own creation. Management 
is too ready to look at the laboratory 
when a reduction in operating ex- 
penses seems essential. The establish- 
ment of conditions that would have at- 
tracted highly educated personnel to 
the water supply field in years past 
would have done much to keep re- 
search abreast of changing conditions. 
There is nothing wrong with central- 
ized research, particularly for certain 
complicated problems, provided that it 
does not create the impression that 
water systems have no need to do fur- 
ther research on their own. There 
should be an immediate start in the 
middle-sized and large water systems 
to employ men who are capable of 
carrying on the research needed in the 
particular water system. 

Water quality standards that would 
take the quality of supervising person- 
nel into consideration would do more 
than anything else to inspire the main- 
tenance of good operating forces in 
water systems. 
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Grading System for Utilities 


A grading system for water supplies 
as a whole and for individual filtration 
plants would do much to promote effi- 
ciency. There are several systems that 
might be used. One will be mentioned, 
others may be just as good or even 
better. 

A system of letters for four main 
grades, such as A, B, C and D, is sug- 
gested. Grade D would be below the 
USPHS Drinking Water Standards 
for water used on common carriers. 
The other three grades would be ap- 
proved. The grades should be subject 
to minus figures. A plant with Grade 
A water, and no minus figures, would 
be the perfect plant, both in design and 
operation, with a source of water that 
could be handled easily by the plant. 

Another plant might have Grade 
A-10 water. This would mean that 
some features of design were not the 
best, or that the operating force was 
not as well trained or as highly edu- 
cated as it should be. The deductions 
could run from figures of —0.1 to 
about — 20, or more, depending on the 
type and kind of deficiencies. Each 
deficiency, of course, would not have 
the same weight. One deficiency might 
have a weight of — 5.0; another might 
have a weight of —0.2. Under such 
a system, the author believes the de- 
partments of health of the various 
states, in conjunction with USPHS, 
should do the grading. 

The grades should not be made pub- 
lic; they should be disclosed only to 
the management of each water utility. 
Probably some of the departments of 
health are already using some similar 
system, even if no record made. 
Surely most of them have records giv- 
ing major deficiencies in the various 
plants. Small plants, with little or no 
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chemical control under the direction 
of a trained chemist, should not be 
placed in Grade A. 


Employee-Training Courses 


The departments of health of many 
or most of the states now conduct 
water plant employee training courses, 
or they sponsor courses given by col- 
leges and universities. The operators 
are given chemical and _ bacteriologic 
training in the essential tests for opera- 
tion, and, no doubt, operation in the 
small one-man plants has improved as 
a result. 

The person in charge of a moderate- 
size or large filtration plant should be 
both a chemist and an engineer, or 
there should be both a good engineer 
and a good chemist in the plant. In 
the proposed grading system, if the 
operator’s knowledge of mechanics is 
good but his knowledge of chemistry 
is poor, there would be deductions 
from the grade. If the plant were 
classed as Grade B-8 because of per- 
sonnel deficiency and a few other defi- 
ciencies, the grade could be improved 
by correcting as many of the deficien- 
cies as practical, both in equipment 
and in personnel. 


Promotion and Salary 


All filtration plants should have 
capable employees in the lineup for 
promotion. Since 1917, the author has 
worked in only two filtration plants. 
When he left Baltimore, Md., a chem- 
ist with a Ph.D. degree succeeded him, 
after 8 years of laboratory work. At 
Chicago, a chemist by education was 
his main assistant during the experi- 
mental work and is now chief filtration 
engineer at the South District Filtra- 
tion Plant. In each instance, a chemist 
was trained to take over plant opera- 
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tion, and the author was able to accom- 
plish much more by having well quali- 
fied chemists to assist him. 

Why engineering titles often pay 
more than chemical titles is difficult 
to understand. The “Chief Filtration 
Engineer” title in Chicago was once 
“Chief Filtration Chemist.” It was 
changed largely for salary purposes. 
Chemistry is an impertant profession, 
and a chemical title is just as dignified 
as an engineering title. With equal 


pay scales, chemists should not have 
to be given engineering titles just to 
earn a higher salary. 


Need for Performance Guide 


Water that will just pass the 
USPHS standards should not be con- 
sidered even a rough indication of good 
filtration plant operation. The South 
District Filtration Plant has adopted 
its own standard, or performance 
guide, which is so much more rigid 
than the USPHS standards in bacteri- 
ological and turbidity requirements 
that there is little resemblance between 
the two. Chicago’s standard of bac- 
terial quality does not allow more than 
one-twentieth the number of coliform 
organisms allowed by the USPHS 
standards. The standard of turbidity 
is 0.1, whereas the USPHS standards 
allow a maximum of 10. There is 
a committee recommendation to change 
the figure to 5. With its own stand- 
ard, Chicago will reduce the chlorine 
dosage if the water is much better 
than the standard. The amount of 
coagulating chemicals necessary is re- 
duced if the turbidity of the filtered 
water is zero nearly all the time. 
Practically all filtration plants would 
like some more rigid guide to perform- 
ance than that offered by the USPHS 
standards. It is, of course, realized 
that public health officials expect much 
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better performance results than the 
maximums of the standard. 

There is some hesitance on the part 
of public health officials to be very 
exacting in standards of quality for 
water. Such officials may prefer that 
the industry adopt its own standard 
of performance. The need for more 
rigid control of the water quality is 
increasing, especially for supplies 
having some sewage and _ industrial- 
waste pollution. So many compounds 
not thought of years ago are now in 
some of the surface waters that there 
should be some incentive to attract 
more highly trained personnel to water 
supply. The industry has not ad- 
vanced much in improving bacteri- 
ologic quality in the past 35 years. 
Chemical advances also have not been 
great. 


Unfiltered Surface Water 

Unfiltered surface water is still sup- 
plied to millions of water consumers, 
chlorination being the only means of 
protection against waterborne disease. 
Such water supplies should never be 
rated high. Filtered water supplies 
with open storage reservoirs on the 
distribution system should also be 
penalized considerably. 

Recently there has been some un- 
favorable publicity in the press about 
danger in water supplies. Conditions 
are probably not nearly as bad as some 
of the articles have implied, but the 
industry should not rise in great in- 
dignation until it has carefully exam- 
ined its water supplies. It is well 
known among water supply scientists 
that very few systems offer absolute 
protection to the water consumer. At 
one time the bacterial content of the 
water was almost the only criterion of 
safety. Very few surface waters have 
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no sewage pollution, even though the 
pollution may be only that contributed 
by the birds and a few scattered in- 
habitants living on the watershed. 
New compounds, not manufactured 
years ago, are gaining access to water 
supplies, and a few of them may be 
dangerous. The use of insecticides is 
also on the increase. 

At a time when water utilities 
should be adding highly educated 
chemists and biologists to their staff, 
low salaries almost exclude personnel 


TABLE 1 


Percentage of 10-ml Filtered-Water Samples 
Showing the Presence of Coliform 
Bacteria, 1950-59 
Positive Samples 
per cent 
0.13 
0.08 
0.20 
0.06 
0.06 
0.09 
0.06 
0.09 
0.00 
0.06 


Year 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 


0.083 


Avg 


of this capacity. No ambitious chemist 
or biologist with a Ph.D. degree is 
likely to remain long in the average 
water laboratory, directed by an engi- 
neer who confines his work almost 
solely to tests that can be made by a 
high school graduate. 


Practical Value of USPHS Limits 


The limits given in the proposed re- 
vision of the USPHS Drinking Water 
Standards seem reasonable for a docu- 
ment of this nature, but in the practical 
operation of water systems involving 
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either chlorination alone, or chlorina- 
tion combined with filtration, not many 
tests are given much consideration. In 
fact, for most water supplies, the man- 
agement looks at only two items, the 
coliform bacteria, and, in filtration 
plants, the turbidity of the filtered 
water. Chlorine is added to the water 
to cause it to come well within the 
limits set forth by USPHS. As a 
matter of fact, a large percentage of 
the filtration plants produce water of 
such a low coliform-bacteria content 
that the standard can hardly be said to 
serve as a rough guide in the operation. 

Is a water utility ever justified in 
reducing the amount of chlorine being 
added because the coliform-bacteria 
content is much lower than the limita- 
tion given in the water quality stand- 
ards of the USPHS? It has been the 
author’s observation that chlorination 
generally is not reduced until the 
coliform-bacteria content is less than 
one-tenth that of the standard. At 
Chicago, one-twentieth of the coliform 
bacteria allowable is used as an aim. 
If the content is less than the one- 
twentieth of the USPHS limit and 
averages that day after day, the chlo- 
rine dosage is then reduced. It is con- 
sidered desirable to maintain a certain 
minimum residual chlorine in the water 
leaving the filtration plant. This mini- 
mum is for protection of the water in 
the distribution system, the objective 
being to have some residual chlorine in 
the entire distribution system. Often 
the maintenance of this residual pro- 
duces water of exceptionally high bac- 
terial quality, as is shown in Table 1, 
but it is still considered advisable not 
to reduce the residual further. 

Table 1 gives the percentage of the 
10-ml tubes positive in tests for coli- 
form bacteria in filtered water from 
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the South District Filtration Plant for 
a period of 10 years. Chicago has set 
0.50 per cent positive as its aim for 
finished water. The figures for plant 
operation average considerably lower 
than the aim, as is to be expected be- 
cause of the residual chlorine main- 
tained. The author does not see how 
water treatment plants can be operated 
most efficiently without some aim in 
view as to the quality of water to pro- 
duce in order that there be no waste 
of chemicals in treatment. USPHS 
requires not more than 10 per cent of 
the 10 ml tubes positive—a figure so 
far above what the water filtration 
plant should produce that it cannot 
serve as a guide for the operator who 
is striving to maintain water of truly 
high bacteriologic quality. | Much 
could be done to bring about better 
filtration by setting desirable operating 
goals in addition to limits above 
which the water would not be ap- 
proved. At present the operator has 
nothing to go on, and each operator 
must decide for himself how much 
better than the USPHS requirement 
the water should be. 

A discussion of this subject by EI- 
wood L. Bean, chairman of AWWA 
Committee 2225 M, studying the per- 
formance of filtration plants, suggests 
that much greater refinement of filter 
performance is needed, particularly in 
regard to turbidity of the filtered water. 
It would mean something to say that 
the turbidity of filtered water should 
not average more than 0.2—not, as 
in the USPHS standards, 10, or, as 
has been proposed, 5. 


Conclusion 


The author does not wish to cast 
reflection on the large number of very 
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capable and dedicated water treatment 
chemists and chemical engineers. 
Most of them will continue to render 
good service, even though their pay 
is generally lower than that in other 
industries. Will there be someone as 
capable to replace them? Interest in 
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the work may overcome some salary 
differences, but it is not going to at- 
tract the best qualified men while sala- 
ries are as low as in some water utili- 
ties. These utilities bring about condi- 
tions that will attract employees of 
high quality. 


Need for Professional Standard—Elwood L. Bean 


A paper presented by Elwood L. Bean, Chief, Treatment Sec., Water 


Dept., Philadelphia, Pa. 


Water quality standards were first 
discussed by Whipple in the JouRNAL 
in 1924.4. Various phases of the sub- 
ject have been dealt with in numerous 
publications since. Whipple  sup- 
ported the idea that quality standards 
should be professional and adopted by 
the industry—that is, that they should 
not be governmental, minimum stand- 
ards, only, being the governmental re- 
sponsibility. There was much dis- 
agreement as to whether the two types 
of standards should not both be pro- 
mulgated by governmental agencies. 
However, as Hudson has written,’ 
“the present drinking water standards, 
adopted 22 years after Whipple set out 
his views, are set at levels that are 
scorned by many plant operators, yet 
there is resistance today against mak- 
ing federal standards more rigid.” 


Rating Systems 


Rating systems are not new; in fact, 
as early as 1916 USPHS attempted 
to rate various supplies by a score 


system. No less than eleven articles 
were published relative to rating in 
the following 15 years, and, in 1927, 
NEWWA adopted a tentative working 
system. In 1935, Weston advanced 
the application of this system.* In 
1940, Baylis proposed five sets of nu- 
merical levels for five standards of 


quality A, B, C, D, and E, the A being 
a high-quality water, the C being a 
grade that would be quite unacceptable 
today, and D and E being still lower.* 

Always there seems to have been 
considerable disagreement and _ little 
use was made of the systems. Now, 
however, there seems to be reasonable 
agreement that standards have value, 
and that a rating system, properly pre- 
pared, might be of real value. 


Professional Standards 


There seems to be general agree- 
ment that there should be professional 
standards in addition to governmental 
standards, as the function of the latter 
is solely the protection of health. Be- 
cause the latter can be only minimum 
standards, they have frequently been 
attacked as promoting mediocrity. 
Professional standards, on the other 
hand, can be goals desirable of attain- 
ment. There is still no agreement as 
to the level at which the professional 
standards should be set—that is, 
whether they should be entirely un- 
attainable by any water system or at- 
tainable by only 10 per cent, 50 per 
cent, or 90 per cent. If the former 
one or two policies were adopted, 
penalties would attach for failure of 
attainment. (This is parallel to the 
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method of NBFU). In the other cases 
bonuses would be applied for quality 
better than the standard. The former 
would be goals, or incentives ; the latter 
two would often be only meeting 
standards. The former policy has 
now apparently been approved by the 
AWWA Rating Committee, as is ex- 
pressed in writing of the Task Group 
on Accounting : 


The basic idea is to divide each sec- 
tion inte a series of factors or require- 
ments and then assign penalty points to 
each for failure to measure up to the ulti- 
mate. The goal is absolute perfection. 
The penalty deductions for not achieving 
this absolute perfection will be small. 
Deductions for not achieving realistically 
high goals or not maintaining a credit- 
able, above-average standard will be 
rather large. If the records maintained 
fail to give adequate coverage, are incom- 
plete or inaccurate, or could result in 
poor customer service or faulty informa- 
tion, the penalty or deficiency-point de- 
ductions will be very severe. 


Inadequacy of USPHS Standards 


It is believed that water utility men 
are hampered by the low requirements 
of USPHS, which is the only stand- 
ard in the United States. Laymen and 
politicians cite this standard and say 
there is no need for improvement. 
High standards would give utility 
management a point of argument for 
better facilities for producing better 
water. 

The author believes that a high 
water utility performance standard 
would : 

1. Be a document water utility men 
could cite to prove the need for better- 
ing their facilities. 

2. Place an added pressure on water 
systems to improve quality. 

3. Be an aid to USPHS in enforcing 
its standard. 
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4. Cause a general improvement in 
water quality. 

5. Tend to raise the standing of the 
water supply profession. 

6. Please the majority of water util- 
ity men. 


Industrial and Domestic Needs 


There is agreement in the AWWA 
committee that professional standards 
should be written primarily for public 
water supplies, with the household 
consumer in mind. Water suitable for 
the household consumer will be suit- 
able to most industries without change. 
If not, industries may readily prepare 
it for their purposes by a single filtra- 
tion or adjustment. The thoughts ex- 
pressed by McKee ® should be kept in 
mind : 


Water works engineers must give in- 
creasing attention to the primary need 
of industry for water of a quality that 
remains relatively constant over reason- 
able periods of time. Most industries are 
willing to accept municipal water that 
meets drinking water standards, with the 
recognition that this water must be al- 
tered for specific purposes such as boiler 
feed, cooling, or process water. Industry 
is quite prepared to accept and further 
treat municipal water, provided that such 
water is not subject to sudden changes 
in quality. 


Point of Applicability 


Water quality standards have gen- 
erally been considered applicable to 
water as delivered into the distribution 


system. This is being changed in the 
new standard, as indicated by a state- 
ment approved at a Mar. 9, 1960, 
meeting : 


The Advisory Committee on Revision 
of the 1946 Public Health Service Drink- 
ing Water Standards, recognizing the 
desirability of interchange of information 
and opinion with the American Water 
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Works Association Committee on Stand- 
ards of Water Quality (Task Group 
2225M), would like to express the 
urgent hope that the AWWA committee 
will choose to express its selected quality 
standards for water at the consumer's 
tap. Since the revised USPHS Drinking 
Water Standards are expected to apply 
to representative samples of water from 
the distribution system, it is strongly 
urged that, if possible, the two sets of 
standards, expected to be in wide use in 
the industry, be referred to water sam- 
pled at similar points. 


Question was immediately raised re- 
garding the wording “at the consum- 
er’s tap,” as in some systems 70 per 
cent of complaints are caused by 
piping, groundings, or cross connec- 
tions within the consumer’s premises. 
It seems, however, that the wording 
of the statement was not entirely in 
accord with the committee’s thoughts, 
for the proceedings of the committee 
state: 


Responsibility for conditions in the 
water supply system shall be considered 
as follows: (a) The water purveyor from 
the source of supply to the connection to 
the consumer’s service piping; (b) The 

qner of the property served in the mu- 

nicipal, county, or other authority having 
legal jurisdiction from the point of con- 
nection to the customer's service piping 
to the free-flowing outlet of the ultimate 
consumer. 


The basic thought is that “the water 
supply system, in all its parts, should 
be free from health hazards.” Stand- 
ards based on the distribution system 
delivery to the consumer, if inflexible 
and subject to enforcement, would 
need to be markedly different, in some 
items, from standards for treatment 
plant effluents. For this reason, Hud- 
son has suggested the possibility of two 
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separate standards, one for each loca- 
tion. He has stated: 


The grading scheme for water quality 
on the plant effluent would tell whether 
the plant was doing a good job. A second 
application of a less restrictive grading 
schedule to water taken from the distri- 
bution system would not grade water 
quality, but would grade the distribution 
system and, therefore, might be worked 
in combination with the distribution sys- 
tem grading scheme. 


The author’s own reaction to this 
suggestion is to question the advisa- 
bility of a third set of standards. 


Functional Aims of Standard 


It is agreed that a statement of 
functional aims should precede any 
statement of specific requirements as 
to limits of concentration. The word- 
ing of such a statement is still in for- 
mative state. Two suggested versions 
are: 


1. Ideally, water delivered to the con- 
sumer should be clear, colorless, tasteless, 
and odorless. It should be free from 
biologic forms which may be harmful 
to human health or aesthetically objec- 
tionable. It should not contain concen- 
trations of chemicals which may be 
physiologically harmful, aesthetically ob- 
jectionable, or economically damaging. 
The water should not be corrosive or in- 
crusting to or leave deposits on water- 
conveying structures through which it 
passes, including pipes, tanks, hot-water 
heaters, or plumbing fixtures. 

Relatively few waters could meet such 
a specification. We do not even have 
the knowledge or means in all cases to 
determine whether a given water meets 
such a specification. Although water 
technology and knowledge of the signifi- 
cance of water contaminants, both bi- 
ological and chemical, is increasing, it is 
far from complete. However, on the 
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basis of present knowledge, a water 
would approach the above defined ideal 
if it meets the following specifications. 


2. The treatment of water shall be such 
as to produce a quality that is well suited 
to public supply purposes. The water 
shall be substantially free of taste, odor, 
turbidity, and color. Toxic and other 
objectionable substances shall be below 
the levels that will cause impairment of 
health in humans and domestic animals 
when considered in relation to the total 
intake of these materials in water and 
from other sources. The water shall not 
be corrosive to ferrous, concrete, brass, 
or bronze materials. It shall not cause 
impairment of distribution, transmission, 
and ordinary household facilities, includ- 
ing hot-water heaters and storage tanks. 
The water shall contain no pathogenic 
organisms, and the quality shall be so 
controlled that at all times it is above 
suspicion as a vehicle for causing disease. 


Areas of Standardization 


There is some question as to what 
areas standards should cover. There 
are probably hundreds of possible 
items ; approximately 60 are commonly 
used as determiners of quality. Some 
of the fields requiring major study and 
consideration are indicated below: 

1. It is proposed that arsenic, cya- 
nide, hexavalent chromium, lead, bar- 
ium, selenium, and cadmium, all of 
which are known to be toxic and there- 
fore are included in the USPHS 
standard, be either omitted from a 
professional standard or included only 
on a basis of requiring conformance to 
the USPHS standard. 

2. It is proposed that the profes- 
sional standards should deal only with 
a few items in which high standards 
are not specifically the responsibility 
of the USPHS, as they are not justi- 
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fiable on the basis of health implica- 
tions. (These might be such as tur- 
hidity, color, odor or taste, precipitable 
anions and cations, and the solids- 
alkalinity-pH_ balance.) 

3. What are the best means of cov- 
ering the problem of detergents, which 
is becoming widespread? Rapid de- 
termination is not simple or truly accu- 
rate and information is limited. Car- 
bon filter absorption is quantitative, 
but slow and cumbersome. Also, 
which of the solvents should be con- 
sidered most truly yielding the ABS 
material on test? 

4. Which of the myriad pesticides 
should be considered, and what ranges 
should be tolerated ? 

5. What bases are to be used for 
bacteriologic tests? New USPHS 
standards will give equal considera- 
tion to the fermentation tube methods 
and to the membrane filter method. 
With the former, only “completed 


tests” will be recognized in the require- 


ments statement. Many operators feel 
that the presumptive positive tests are 
of great value in indicating some form 
of organism pollution even though 
they do not identify any specific 
organism. 

6. What is a workable standard of 
odor? It seems that some definite 
scale of values, such as threshold odor, 
is necessary to be workable, although 
specifications of “absent” and “no 
change on carbon contact” have been 
proposed. If the threshold odor is 
used what should be the parameter of 
an ideal water? Even a_ threshold 
odor of 1 represents some odor, and 
ideally there should be no odor. 

7. There are 76 types of viruses 
now known to be pathogenic to hu- 
mans. It is impossible to culture some 
of them, and few can be proved pres- 
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ent, or absent, in water at water plant 
installations. Should a free chlorine 
residual, to destroy these, be required 
in an ideal water? If so, should the 
required residual take the form of a 
major or super residual in the treat- 
ment plant, to be converted to amine 
before distribution, or of lesser free 
residuals to be maintained to the con- 
sumer’s tap? What residuals, for 
what periods, should be considered as 
proof of virus destruction? 

8. For elimination of attack on 
piping, generally considered a matter 
of proper pH, alkalinity, carbonate, 
hardness, and solids control, should 
Langelier’s saturation index or Ryz- 
nar’s stability index be used or some 
other method of control be originated ? 
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These are but a few of the most 
difficult areas in which satisfactory 
solutions must be derived before a 
worthy set of professional standards 
can be assembled. 
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A paper presented by Frank E. Maloney, Dean & Prof. of Law, Col- 
lege of Law, Univ. of Florida, Gainesville, Fla. 


At the turn of the century, the Mis- 
sissippi Supreme Court took the posi- 
tion that it is “not necessary to weigh 
with tenderness and care the testimony 
of experts” in determining what consti- 
tutes wholesome water, as “an ordi- 
nary mortal knows whether water is 
fit to drink and use.”* As late as 
1935, the North Carolina Supreme 
Court, in an opinion refusing to enjoin 
a municipality from discharging sew- 
age into a river from which another 
municipality was taking its water sup- 
ply, based its decision in part on the 
fact that the trial judge “had drunk 
of the water, bathed in it, and suffered 
no ill effects.” ? 

Fortunately, the courts have not re- 
niined impervious to the scientific evi- 
dence being amassed by sanitary engi- 


neers. One result of this scientific 
study has been the development of 
drinking water standards by USPHS. 
Originally promulgated in 1925, they 
were revised in 1942 and 1946, and 
another proposed revision is now 
under consideration. These stand- 
ards have earned the acceptance of 
AWWA.? 

What enforceable legal effect do the 
standards have? Technically they are 
applicable only to water used on inter- 
state carriers subject to federal quaran- 
tine regulations,* but, as a result of 
their endorsement by so many national 
organizations concerned with water 
supply and public health, they have 
had a tremendous impact throughout 
the United States. 
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Public Health Legislation 


AWWA’s recommendation that the 
USPHS Drinking Water Standards be 
accepted as the criterion of quality for 
all public water supplies in the United 
States has led to their use as guides 
in the enactment of legislation by many 
states. Such legislation has been gen- 
erally approved by the courts as being 
within the exercise of police power 
for the protection of public health.** 
The state legislatures have often dele- 
gated authority for promulgation of 
detailed standards to a state adminis- 
trative agency also clothed with the 
authority to enforce such regulations. 
Thus, for example, the Florida State 
Board of Health has been given power 
to promulgate rules and regulations 
with respect to drinking-water stand- 
ards and practices,® and has the legal 
authority to seek injunctions against 
the furnishing of impure and danger- 
ous water.*® 

The state boards of health are the 
customary agencies for maintaining 
state health programs and implement- 
ing the water regulations. These state 
boards, in turn, work closely with 
USPHS and are the beneficiaries of 
the extensive research and investiga- 
tions carried on by the latter. Through 
legislation giving approval powers for 
new projects to the state boards, sani- 
tary engineers, applying the USPHS 
standards, have revolutionized small- 
town water utility construction and 
operation. In backstopping this au- 
thority, the courts have upheld, as a 
valid exercise of the police power, leg- 
islation authcrizing a state board to 
prohibit the use of water “so impure 
as to endanger the public health,” 
On the other hand, an enactment re- 
quiring the refusal of a permit unless 
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the supply was “the purest and most 
healthful obtainable,” was held uncon- 
stitutional, as the protection of public 
health does not necessarily require the 
purest and most healthful of all pos- 
sible supplies.‘° The USPHS stand- 
ards do not attempt to go this far. 
They quite wisely differentiate be- 
tween certain nontoxic but objection- 
able chemical substances and toxic 
chemicals, such as lead, arsenic, and 
selenium. The standards provide that 
the nontoxic substances should prefer- 
ably not be permitted in excess of 
stated concentrations where other more 
suitable supplies are available, but 
permit a much higher solids content 
if such water is not available. If, on 
the other hand, the toxic chemicals 
occur in excess of stated amounts, their 
presence constitutes grounds for rejec- 
tion of the supply.’** 

One other feature of the standards 
is worthy of note. Although forbid- 
ding excessive concentrations of bac- 
teria, particularly of the coliform 
group, and providing for adequate 
protection by artificial treatment, the 
standards do not attempt to spell out 
exact methods for such treatment. 
This is a wise precaution, in view of 
the position of the courts that a state 
board may not direct a water utility 
to install any particular type of plant 
for the treatment of its water, so long 
as it uses a method that produces water 
of the required quality.” 

In addition to the state boards of 
health, municipal corporations may 
enact ordinances relating to water sup- 
ply and its freedom from contamina- 
tion.* The test of the validity of such 
ordinances is whether they are neces- 
sary for the protection of public 
health. * Thus the Florida Su- 
preme Court, in a relatively early case 
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involving the reasonableness of an 
ordinance designed to protect the 
water supply of the city of Miami, held 
that it was beyond the power of the 
municipality to forbid the sale of all 
water containing more than 300 ppm 
magnesium or sodium chloride, unless 
it could be shown as a matter of hy- 
gienic fact that such water was un- 
wholesome and unfit for human use. 
As the court said, “The force of the 
ordinance must rest upon the accuracy 
of the standard.” ** The court further 
indicated that the ordinance could not 
be enforced against a purveyor whose 
franchise antedated its enactment, if 
water with the designated chloride 
content was “merely unpalatable” 
rather than “impure and unwhole- 
some.” It is interesting to note that 
the present USPHS standards contain 
a recommendation that chloride con- 
tent should preferably not exceed 250 
ppm, but the line is drawn, so far as 


absolute prohibition is concerned, at “a 
total solids content of 1,000 ppm.” ** 
This case suggests that it may be dif- 


ficult to enforce any new standards 
against water utilities with franchises 
already in existence when the stand- 
ards are promulgated, and this may 
be particularly true where the charter 
of a company simply calls for it to 
supply “reasonably pure and whole- 
some water,” a term open to consid- 
erable variation in interpretation by 
the courts.’ 

The USPHS standards will have 
considerably greater effect if used as 
a guide in determining whether to 
grant new charters, or if compliance 
is made a_ specific requirement for 
the retention of a charter by a new 
utility. Moreover, the scientific ex- 
perimentation of USPHS which has 
preceded the promulgation of the 
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standards, the care with which the 
latter have been drafted, and the many 
court decisions supporting their use all 
become evidence of their reasonable 
relationship to the protection of public 
health. This should encourage adop- 
tion of the standards, without substan- 
tial modification, by a state board in- 
terested in improving the quality of 
the drinking water supplied in its state. 


Fluoridation Litigation 


It is interesting to note that most 
of the litigation in the drinking-water 
field has centered on something not re- 
quired by the USPHS, fluoridation. 
Addition of fluorides to drinking 
water, although amply justified as a 
public health measure to strengthen the 
teeth of the younger generation, has 
been attacked on every conceivable 
ground. It has been argued that addi- 
tion of fluorides exceeds the police 
power, denies freedom of religion to 
those who believe that medication is 
sinful, violates the personal liberty of 
individuals to treat their health as 
they deem best, violates the personal 
liberty of parents to rear and care 
for their children as they deem best, 
and the right to be free of medical 
experimentation on one’s person. It 
has been further argued that states 
have no power to delegate authority 
to municipalities to pass legislation 
concerning public health, that such 
delegation constitutes an unlawful au- 
thorization to public utilities to prac- 
tice medicine, denitstry, and pharmacy, 
and that such ordinances conflict with 
state and federal laws prohibiting the 
adulteration of food.** Fortunately, 
the courts have had the good sense 
to reject all of these arguments on the 
basis that the freedoms claimed must 
yield to a public health measure de- 
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termined to be necessary and acopted 
for the common good of the public.**-** 
The fluoridation statutes have been 
upheld as a lawful exercise of the 
police power in the best interests of 
the public. Despite the plethora of 
litigation legal  literature,***° 
thus far no court has prohibited flu- 
oridation, a fact which speaks well for 
the care with which the program was 
developed. 

The lack of a requirement for fluori- 
dation in the standards again points 
up their prohibitory rather than man- 
datory nature. They merely set the 
maximum permissible level of flu- 
orides. Consequently, the attorney 
general of Florida has advised that 
the Florida State Board of Health, 
acting under a similar set of standards, 
has no responsibility as to fluoridation 
except to prevent such fluoridation 
from becoming a menace to public 
health.** 


Liability for Negligence 


It may be helpful to evaluate briefly 
the potential areas of civil liability of 


water purveyors, and the ways in 
which compliance with the USPHS 
Drinking Water Standards, including 
the proposed new revision, can be used 
to minimize such liability. One of 
the legal bases for liability for supply- 
ing unsafe drinking water is negligence 
of the supplier. 

A supplier of drinking water may 
be held liable for negligence if he falls 
below the standard of good practice 
in supplying the water and the con- 
sumer is thereby injured.*® Proof 
that such injury was caused by the 
water supply may be difficult,**~*° but 
injured individuals have succeeded in 
a number of cases of waterborne dis- 
eases such as typhoid, and enough 
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other users have been similarly af- 
fected to justify submission of the 
facts to a jury to determine whether 
there was a reasonable inference that 
the disease resulted from consumption 
of contaminated water.?® 37 41-4 

The standard of conduct in negli- 
gence cases may be arrived at by the 
courts in one of two ways: through 
the so-called common-law approach of 
determining what a reasonable man 
would do under the circumstances, or 
by looking to legislation to establish 
the required standard. Liability in 
most of the early water cases was based 
strictly on common-law principles. 
The water purveyor was held to a 
standard of conduct based on what a 
reasonable man, possessed of a mini- 
mum of knowledge and skill common 
to the industry in the locality, would 
do in the light of the foreseeability of 
possible harm, balanced against the so- 
cial value of the course pursued. To 
be held liable, the supplier need not 
have actual knowledge of the unwhole- 
someness of the water he dispensed, 
if a reasonable man with his purported 
knowledge of the business would have 
discovered the dangerous condition.** 
As stated in a 1914 Connecticut case ** : 


[I]t [the purveyor] is bound to use 
reasonable care in ascertaining whether 
there is a reasonable probability that its 
water supply may be infected with a com- 
municable disease from causes which are 
known to exist, or which could have been 
known or foreseen by the exercise of 
such care; and if the exercise of such 
care would have disclosed a reasonable 
probability of such infection, then it be- 
comes the duty of a water company to 
adopt whatever approved precautionary 
measures are, under the circumstances of 
the case, reasonably proper and necessary 
to protect the community which it serves 
from the risk of infection. 
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In common-law negligence cases the 
jury under proper instructions is nor- 
mally the final arbiter of what a rea- 
sonable man would have done in the 
circumstances of an individual case. 
In the Connecticut case referred to 
above, the supreme court of that state 
held that when there was a typhoid 
epidemic in town there was sufficient 
evidence to go to a jury on the ques- 
tion whether the water utility was 
negligent in not properly treating or 
examining the water in its reservoir 
before distributing it. 

In addition to the common-law ap- 
proach of using the conduct of the 
hypothetical reasonable man as_ the 
standard of care, the courts have de- 
veloped an alternative method, based 
on legislative enactment, of arriving at 
the standard. This method is widely 


used in automobile negligence cases, in 
which violation of the motor vehicle 
laws is perhaps the most common basis 


for establishing driver negligence.** 
The statutes employed are usually 
penal in character and do not, on their 
face, impose civil liability, but the 
courts use them to establish the stand- 
ard of care.*® One ground for this use 
of such statutes is that the legislation 
in question, enacted after much study, 
is the best evidence of what is reason- 
able, and, therefore, one who violates 
such enactments is not acting as a rea- 
sonable man and is therefore acting 
negligently. 

As explained in an early Minnesota 
case 


Negligence is the breach of legal duty. 
It is immaterial whether the duty is one 
imposed by the rule of common law re- 
quiring the exercise of ordinary care not 
to injure another, or is imposed by a 
statute designed for the protection of 
others. . . . The only difference is that 
in the one case the measure of legal duty 
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is to be determined upon common-law 
principles, while in the other the statute 
fixes it, so that the violation of the stat- 
ute constitutes conclusive evidence of 
negligence, or, in other words, negligence 
per se. 


Not all courts agree that such stat- 
utes conclusively set the standard, but 
the case does indicate the generally 
prevailing attitude. Even in jurisdic- 
tions which do regard statutory viola- 
tion as conclusive evidence of negli- 
gence, however, violations of munici- 
pal ordinances or the regulations of 
administrative boards are often looked 
upon only as some evidence of negli- 
gence, to be evaluated by the jury, 
rather than as conclusive evidence.*'-** 

No cases were found in which the 
courts used the USPHS Drinking 
Water Standards or similar state 
drinking water standards to establish 
a legislative standard of care in water 
supply cases, although the standards 
were discussed in at least one case.** 
The frequency with which legislation 
is used to set the standard in other 
types of negligence cases, however, 
suggests that such use of drinking 
water standards in water supply cases 
may well be made by the courts in the 
future. If promulgated by a state 
board of health or by municipal ordi- 
nance, they may not be given the same 
weight as if directly enacted by the 
legislature, but they may still be very 
potent weapons for establishing the 
negligence of a purveyor who has 
failed to comply with them. 

Even in the absence of their use in 
setting a legislative standard of care, 
the standards, particularly the proposed 
new revision, may serve another pur- 
pose. They may be used to change or 
update the standard of care to which 
water purveyors will be held by the 
courts. The customary conduct of an 
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industry in an area is very persuasive 
evidence of what is reasonable con- 
duct. But, as stated by Justice Lerned 
Hand in an early :ase discussing the 
failure of coastwise-tugboat operators 
to install radio equipment capable of 
receiving weather reports °°: 


Is it then a final answer that the busi- 
ness had not yet generally adopted receiv- 
ing sets? There are, no doubt, cases 
where courts seem to make the general 
practice of the calling the standard of 
proper diligence; we have indeed given 
some currency to the notion ourselves. 
. . . Indeed, in most cases reasonable 
prudence is, in fact, common prudence; 
but strictly it is never its measure; a 
whole calling may have unduly lagged 
in the adoption of new and available 
devices. It never may set its own tests, 
however persuasive be its usages. Courts 
must in the end say what is required; 
there are precautions so imperative that 
even their universal disregard will not 
excuse their omission. 


The new drinking water standards 
when adopted by USPHS, should be- 
come strong evidence of what is re- 
quired to meet the legal standard of 
care, and it is reasonable to assume 
the courts will use them for that pur- 


pose. On the other hand, proof by a 
water purveyor of compliance with the 
standard will be the best possible evi- 
dence that he has lived up to the 
standard of good practice and thus 
cannot be charged with failure to take 
proper precautions. 


Liability for Implied Warranty 


Another approach to liability that 
has been gaining widespread accept- 
ance in recent years, in cases involving 
suppliers of products such as machin- 
ery, food, and drugs, is the doctrine 
of implied warranty.°® According to 
this doctrine, when a purchaser of 
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goods relies on a seller’s skill and judg- 
ment in making his purchase, and has 
made known to the seller the purpose 
for which the goods are required, the 
sale gives rise to an implied warranty 
or promise on the part of the seller 
that the goods are reasonably fit for 
the purpose for which they are pur- 
chased. If the purchaser is injured 
because of a lack of such fitness, the 
seller is liable, regardless of whether 
or not he was negligent, so long as 
the vendor has had an opportunity to 
examine the article sold. 

Is this doctrine applicable to the 
supplying of drinking water? The 
New York Court of Appeals in a 
1920 case took the position that it was 
not, on the ground that a homeowner 
whose children had contracted typhoid 
fever from the defendant purveyor’s 
drinking water had not made known 
to the purveyor the particular purpose 
for which the water was required.*’ 
The case has been cited as a leading 
case for the position that the implied- 
warranty doctrine is inapplicable to 
water purveyors."® But the logic of 
the position that the purveyor did not 
know that at least some of the water 
was purchased for drinking is open 
to considerable question, and the deci- 
sion was supported only by a bare ma- 
jority of the New York court. 

The doctrine of implied warranty 
was used as an alternative basis of 
liability in a 1939 Massachusetts case,** 
and, in view of the current widespread 
movement by the courts to find implied 
warranties of fitness in food consumer 
cases,"* it would be rash to predict 
that the doctrine will not be extended 
to more drinking water cases in the 
coming years. 

If such a trend does develop, what 
part will the USPHS Drinking Water 
Standards play in the application of 
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the implied-warranty doctrine? It 
should be noted that the implied war- 
ranty most often employed, the war- 
ranty of fitness, is usually taken from 
a state statute adopting the Uniform 
Sales Act. This warranty, as set forth 
in the act, is that the goods “shall be 
reasonably fit” for the purpose for 
which purchased. If the water in 
question complies with USPHS stand- 
ards, a strong argument can be made 
that it is reasonably fit. 

In the one Massachusetts case in 
which the doctrine was applied to 
drinking water, the court placed con- 
siderable emphasis on the fact that 
the water, which contained more than 
4 ppm lead, fell below the USPHS 
standards, which set the maximum safe 
level for lead at 0.3 ppm. 

Thus, compliance with the USPHS 
standards may arguably provide a de- 
fense to an action based on implied 
warranty as well as negligence. The 
validity of this argument will not be 
known until more warranty cases have 
been evaluated by the courts, and it 
should be noted that the word “rea- 
sonable” has been dropped in the de- 
scription of the warranty of fitness in 
the Uniform Commercial Code,® 
which is slowly replacing the Uni- 
form Sales Act. At the present time, 
however, compliance with the stand- 
ards would seem to provide the best 
available line of defense against liability 
based on implied warranty. 


Conclusion 


The present widespread respect for 
the USPHS Drinking Water Stand- 
ards would seem to dictate caution 
in recommending drastic modification, 
unless it is clearly necessary for the 
further protection of the public health. 
It seems clear that with the growing 


MALONEY 


Jour. AWWA 


industrial use of new contaminants, 
such as radionuclides and _ synthetic 
organic compounds, the standards will 
have to be modified to include prohi- 
bitions against the presence of these 
contaminants in concentrations above 
limits that can be established as harm- 
ful by clear scientific evidence. If such 
evidence is available, there should be 
little difficulty in obtaining acceptance 
of such modifications by the courts. 
But the very respect with which the 
present standards are now regarded 
would suggest that only such changes 
be made as can be clearly justified, so 
that that respect may be retained and 
strengthened. 

As Abel Wolman has _ recently 
pointed out, “in this period [the past 
75 years] the improved sanitary qual- 
ity of the public supplies has brought 
about one of the most dramatic im- 
provements in public health that the 
world has ever known.”* Wide- 
spread adoption of the USPHS Drink- 
ing Water Standards has been a major 
factor in this victory. Recognizing this 
fact, our courts must and will support 
the efforts of USPHS to keep the 
standards abreast of the times. 
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Low-Temperature Liquid Lime Slaking at 
Howard Bend Treatment Plant 


William B. Schworm 


A paper presented on Apr. 6, 1960, at the Conference on Water Soften- 
ing and Stabilization of Softened Water (cosponsored by the Missouri 


Section of AWWA and the Univ. of Missouri), Columbia, Mo., by 
William B. Schworm, Sr. Chem. Engr., St. Louis Water Div., Howard 


Bend Station, Chesterfield, Mo. 


ORE than 50 years have passed 
since the lime slakers used at 
Chain of Rocks, Mo., were installed. 
The design of these slakers was based 
on experiments in slaking lime con- 
ducted by W. F. Montfort.t He es- 
tablished, through the use of live steam 
in heating the slaking water to 160°F, 
that maximum efficiency in slaking 
could be obtained by maintaining the 
temperature in the slaker tank at ap- 
proximately 206°F. Montfort found 
that 1 Ib of lime required a minimum 
of 3.5 lb of water to remain in a fluid 
condition. 

The heat exchangers, which were 
subsequently made part of the slaker 
equipment, were designed to allow the 
heat of the reaction to be transferred 
in part to the slaking water by means 
of copper pipe. Montfort’s work re- 
mained the basis for the design of the 
slakers installed in 1929 at the Howard 
Bend Station in Chesterfield, Mo. 

In 1936, Hartung and Lischer,’ in 
an attempt to find reliable specifica- 
tions for the use of lime slakers, started 
a series of laboratory experiments with 
vertical- and rotary-fired lime. They 
specified a slaking temperature of 
180°F and a detention time of 30 min. 
They also concluded that the nearer 
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the temperature in the slaker is to boil- 
ing, the faster is the slaking. H. E. 
Lordley,® in his studies on lime slaking 
at Richmond, Va., installed electric 
immersion heaters in the slaking water 
to raise its temperature higher than 
160°F in the slaker. 

In planning for the expansion of 
facilities at Chain of Rocks to include 
a high-service, as well as a low-service, 
pumping station, it was decided to 
purchase electric power to run the 
pumps. This called for the eventual 
elimination of the steam plant, with a 
consequent discontinuance of the use 
of process steam. Thus, no steam 
would be available for auxiliary use 
in heating the water from the heat ex- 
changers to the proper temperature in 
the wintertime. The purpose of the 
tests to be described was to determine 
whether lime could be slaked efficiently 
at low temperatures, without the use 
of heat exchangers, with cold water, 
and with the temperature of the slaker 
controlled by the rate of flow of tap 
water to the tank. 


Use of Slakers 


The slakers in use at Howard Bend 
were fitted with stationary mixing pad- 
dles at the top of the tank. A water 
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1190 WILLIAM B. 
jet was installed at the overflow outlet 
to break up lumps of slaked lime and 
to facilitate flow from the slaker. The 
method chosen was to alternate the 
use of heat exchanger and steam with 
normal flow of slaking water, as op- 
posed to the use of the slaker alone 
without heat exchanger or steam and 
with a decreased flow of the slaking 
water. 


SCHWORM Jour. AWWA 
by observing the effect of the reaction 
of the lime with the alkalinity present 
in the raw water in the primary condi- 
tioner. The effect of the reaction 
would be indicated by the total alkalin- 
ity. The smallest concentration of 
alkalinity at any given time would be 
a measure of the maximum reaction 
of lime with the alkalinity present in 
the raw water. In former years, with 
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Operations at Howard Bend Treatment Plant 


Samples for the alkalinity tests were taken daily from the numbered points shown in 
the primary conditioning basin. 


Each method was alternately tried 
for a period of approximately 2 weeks. 
In starting up the tanks in which no 
auxiliary steam was to be used, the 
tank water was first heated with steam 
to eliminate initial overtreatment in the 
primary conditioner. When the tank 
reached a temperature of 140°F, the 
steam was discontinued. 

It was thought that the best way to 
check the efficiency of the slakers was 


an additional variable of fluctuating 
turbidity, this observation would not 
have been as conclusive. For the past 
several years, since the opening of the 
large main-stem dams, the concentra- 
tion of turbidity in the river has been 
quite small and the alkalinity fairly 
constant, particularly during the win- 
ter. For these reasons, the selection 
of total alkalinity as a parameter was 
believed to be justified. 
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Alkalinity Tests 


Samples were taken daily from the 
primary conditioning basin at the num- 
bered points shown in Fig. 1. Table 
1 shows the conditions under which the 
slakers operated for the period of the 
test. It will be noted that a consid- 
erable reduction in the rate of flow 
from the slaker must be maintained 
when the slaker temperature is low. 
This is necessary to keep the tempera- 
ture of the slaker as high as possible. 
As the tap temperature becomes 


LIQUID LIME SLAKING 


1191 


shows that no lime is lost in the pri- 
mary conditioner and that the lime was 
properly slaked. 

The following year it was felt that 
a continuation of the test period 
throughout the winter of 1958-59 
would be valuable in substantiating the 
preliminary conclusions made during 
the previous winter. Data for the ad- 
ditional tests are shown in Table 2. 
They do not show any marked vari- 
ation from the data in Table 1 for 
approximately the same tap tempera- 


TABLE 1 
Water Temperature and Flow Rate During Preliminary Alkalinity Tests 


Tap 


Test Period —1958 Temperature 
oF 


Jan. 15 

Jan. 28-Fe 
Feb. 11-2 
Feb. 25 

Mar. 
Mar. 24-/ 

Apr. 8 

Apr. 21—May 5 
May 5- 
May 13-2. 


* Heat exchanger not used. 


warmer, the control of slaker tempera- 
ture becomes easier. 

The results of the alkalinity tests of 
samples taken from the primary con- 
ditioning basin (Fig. 1) during the 
periods shown in Table 1 are plotted 
against time in Fig. 2 and 3. Fig. 2 
also shows the temperature of the river 
water during the test period. An ex- 
amination of these figures reveals that 
the solid lines representing times when 
the heat exchanger and steam were not 
used are nearly all below the dashed 
lines representing times when the heat 
exchanger and steam were used. This 
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Temperature 
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tures. No variation in alkalinity in 
the daily samples was noted in the 
primary conditioner when the heat ex- 
changer was on, as opposed to when 
the heat exchanger was off. It would 
seem, then, that the conclusions of the 
previous year were correct and that 
this type of rotary-fired and properly 
sized lime can be slaked efficiently at 
low temperatures. 


Use of Lime 


The fact that the temperature of 
slaking is considerably lower than rec- 
ommended by Montfort, Hartung, and 
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Fig. 2. Alkalinity of Samples From 
Point 1 


Jan 


The samples tested were taieen from 
Point 1 in the primary conditioning 
basin shown in Fig. 1. Solid lines rep- 
resent periods when the heat exchanger 
and steam were not used; dashed lines, 
when they were used. Tests were made 
during the period Jan. 15-May 23, 
1958 (Table 1). 
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others might raise some questions. All 
of Montfort’s, and part of Hartung’s, 
tests were made on vertical-fired lime; 
their conclusions for this type of lime 
were valid. Most of the lime used at 
that time was made in coal-fired verti- 
cal kilns with large stones that were 
crushed after firing. The large size 
and uneven heat of the coal-fired kiln 
resulted in overburning on the out- 
side of the stone and underburning at 
the center. This type of lime would 
naturally require more time and higher 
temperatures to slake properly. There 
would be more dead-burned and un- 
derburned insolubles. Modern prac- 


tice of lime burning calls for properly 
sized stone before burning in rotary- 
fired kilns, which are heated with gas 
or powdered coal. The control of heat 


Alkalinity — ppm 
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Mar. 
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Fig. 3. Alkalinity of Samples From Points 2-5 


The samples tested were taken from Points 2-5 (a-d, respectively) in the primary 


conditioning basin shown in Fig. 1. 


Solid lines represent periods when the heat 


exchanger and steam were not used; dashed lines, when they were used. Tests were 
made during the period Jan. 15-May 23, 1958 (Table 1). 
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in these kilns is precise, and lime pro- 
duced by them will slake quickly, with 
explosive force. In doing so, it dis- 
integrates rapidly to a fine slurry, re- 
quiring less slaking water and lower 
temperatures. 

During the period shown in Table 
2, heavy charges of lime were used, 
as much as 137 ppm, with no notice- 
able difference in slaking. From the 
results of the 2-year study at Howard 
Bend, it seems possible to design a 
fluid-type slaker that will operate at 
low temperatures and with large 
charges of lime. This opinion, how- 
ever, holds only for the high-heat, 
rotary-burned lime that is small in size 
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jets at the discharge end, to allow the 
lime to be drawn from the tank more 
efficiently. 

Except for the normal apprehension 
that goes with any plant experiment, 
no operating difficulties were encoun- 
tered. It was soon learned that the 
tank could not be heated solely by the 
heat of hydration at the start of the 
run. This method caused the slurry 
to become too thick and resulted in 
overtreatment for a period of hours. 

The present method of starting up 
a new slaker is to fill the tank with 
water the day before to allow it to 
reach room temperature. Steam is 
then applied to raise the temperature 


TABLE 2 
Water Temperature and Flow Rate During Additional Alkalinity Tests 


Tap 


Test Period 
Nov. 1—Dec. 1, 1958 7 
Dec. 2, 1958-Jan. 12, 1959 | 
Jan. 13—Mar. 31, 1959 a 
Apr. 1-May 16, 1959 


* Heat exchanger not used. 


and fast slaking—the kind of lime now 
being used at Howard Bend. Another 
kind of lime would require a new 
experiment that would, perhaps, lead 
to different conclusions. 


Operations 


A new design of slakers should pro- 
vide for the use of electric heaters for 
initial heating (start-up) and a mecha- 
nism for continuous removal of in- 
solubles. Perhaps with improved 
placement of paddles and baffles, the 
slaker could be made to operate more 
efficiently. Some thought should be 
given to the design of the eductors or 


Temperature 
oF 


Rate of Flow 
From Slaker 
gpm 


Slaker 
Temperature 
oF 


Heat Exchanger 
Temperature 
°F 


192 23 
148 12 
192 25 


of the water to 140°F. This method 
has been entirely satisfactory. At the 
same time that a new slaker is placed 
in service, the old slaker is purged with 
water for several hours to wash out the 
soluble portion of lime trapped in the 
bottom sludge. 

Tanks operated at low temperature 
seem to run longer between cleanings. 
At present, such tanks run for 30 days, 
as compared with a run of 2 weeks 
with high-temperature operation. This 
difference may be the result of the 
ability of thicker, low-temperature 
slurry to suspend particles that then 
flow out with the lime. It was also 
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noted that the tanks do not build up 
a hard layer of dense lime on the sides 
and paddles. The bypassing of the 
heat exchanger six times a day for 
flushing is also eliminated. There are 
no heat exchangers to clean and 
maintain. 


Conclusions 


With the high-heat, fast-slaking, 
rotary-burned lime now being used at 
Howard Bend, slaking can be accom- 
plished at lower temperatures. It 
should be possible to design a more 
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efficient fluid-type mechanism to slake 
lime of this type. It should be empha- 


sized that these conclusions are valid 
only for this kind of lime. 
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Handling of Phosphates at Torresdale 
Treatment Plant 


Vincent B. Janson 


A contribution to the Journal by Vincent B. Janson, Philadelphia 
Dist. Sales Engr., Tote System, Beatrice, Neb. 


HE Torresdale plant in Philadel- 

phia, a modern rapid sand filter 
plant, is second in size only to Chi- 
cago’s 480-mgd treatment plant. With 
a maximum capacity of 423 mgd, the 
plant is presently more than adequate 
for the demand of 160-170 mil gal 
called for on a typical day. This ca- 
pacity far exceeds the typical summer 
demand of 210 mgd and the peak de- 
mand of 250 mgd during hot weather. 
It is anticipated that the Torresdale 
plant, and the subsequent moderniza- 
tion and improvement of other Phila- 
delphia water treatment facilities, will 
provide for the growing demand ex- 
pected in the next 35 years. In 1962, 
Torresdale’s supplies and those of the 
modernized Queen Lane plant will al- 
low for the closing down of the old 
Roxborough plant. The Queen Lane 
modernization will be completed in 
1960, and new express mains, to be 
ready by 1962, will permit Torresdale 
and Queen Lane to take over the area 
served by Roxborough. 


Use of Bins 


The new $25,000,000, rapid sand 
filter plant, 5 years in the building, in- 
cludes preliminary and post-treatment 
facilities. Unique in many ways, its 
post-treatment facilities incorporate a 
method of phosphate handling new 


to treatment plants. Discarding older 
time-consuming methods of phosphate 
handling and introduction, Philadelphia 
handles all the preventive chemicals in 
bins*—large aluminum containers that 
act as shipping containers from sup- 
plier to user; as storage units near the 
point of use; and as discharge hoppers 
when used in conjunction with a spe- 
cial tilt,* a discharge mechanism that 
tilts the bins on a 45-deg angle for ma- 
terials flowout. 

The use of this bulk-handling method 
at Torresdale probably marks the first 
time it has been used in a water treat- 
ment plant. For over a decade, similar 
airtight aluminum and steel bins have 
been used throughout industry; in the 
bakery field, for example, for the han- 
dling of flour and sugar and, later, for 
the handling of any dry bulk material. 
In 1958, 300-gal and 400-gal bins were 
developed for the handling and stor- 
age of liquids. 

The 34 bins at Torresdale, which are 
used for basic handling operations— 
shipping, storage, and discharge—each 
hold about 2 tons of pelleted metaphos- 
phates. The phosphates are shipped 
on open flatbed trucks to the plant 
from the chemical supplier in Rum- 
ford, N.J. At the plant, they are 


* Product of Tote System, Beatrice, Neb. 
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removed from the truck by a fork lift 
at the post-treatment building loading 
dock. Empty bins are trucked back 
for refilling. The full containers are 
conveyed by elevator to the discharge- 
storage area, where they are double- 
tiered to save space (Fig. 1). The 


tiered bins are stored only a few dozen 
feet from the dual-tilt discharge sta- 
tion, and can be moved to the discharge 
area and put in position in a matter of 


Pig. 1. 


The aluminum bins each hold approximately 2 tons of phosphate. 
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is no basis for comparison of labor or 
cost savings between the two plants. 
By using the bins, however, Philadel- 
phia eliminates the cost of plastic-lined 
multiwall bags that held only 100 Ib of 
phosphates. Thus, every bin saves the 
cost of 40 such bags. The new opera- 
tion also eliminates the time spent in 
slitting, dumping, and scrapping of 
100-Ib multiwalls, as well as mainte- 
nance and cleanup time. Furthermore, 


Phosphate Bins in Storage Area 


The bins have 


airtight seals that keep the pelleted phosphate dry. 


minutes. This operation constitutes al- 
most all the labor necessary, as the 
plant requires a little less than a full 
bin a day to provide the 1 ppm of phos- 
phate required for effective water 
treatment. 


Savings 


As the plant itself is completely new 
and of a radically different design than 
the former slow sand filter plant, there 


the saving of space inside the plant, 
because the bins can be tiered, and the 
advantage of being able to store the 
bins out of doors if necessary, are other 
factors to be considered in the modern 
plant setup. 

One truck turnaround handles the 
phosphate requirements for Torres- 
dale. Empties are transported by truck 
for filling, and the full bins are re- 
turned the following week. The open 
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truck, instead of a covered trailer, used 
for shipping allows for savings in 
maintenance, and the airtight seal of 
the bins protects the hygroscopic pel- 
lets from deterioration. The material 
remains sealed until the bin is placed 
on one of the two tilts at the Torres- 
dale plant. 


Fig. 2. 


HANDLING OF 


PHOSPHATES 1197 
in the piping system and to reduce to 
a minimum the complaints about rusty 
water, are increased or decreased ac- 
cording to the requirement of the sys- 
tem. Presently, Torresdale has deter- 
mined that 1 ppm is sufficient. The 


water is maintained at a pH of 7.5 for 
best phosphate performance. 


Phosphate Bins on Tilts 


The bins, taken from the storage area only a few feet away from the tilts, are readied 


for gravity dump in a matter of minutes. 


The bin in the foreground is being emptied. 


The phosphate flows into a mixing tank on the floor below. 


Use of Tilts 


One of the two tilts at Torresdale is 
a spare, to be used if the other tilt 
breaks down. The extra tilt also would 
be used in conjunction with the other 
if Torresdale were tc increase the 
phosphate concentration to 2 ppm. 
Phosphates, used to prevent corrosion 


The second tilt also could be used on 
peak demand days. The tilts feed into 
two mixing tanks, located on the floor 
below, which process a binload at a 
time. After the phosphate is dissolved, 
the mixture enters a feed tank. At 
peak loads, both mixing tanks and tilts 
can be operative. 
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Economy of Operation 


Under the plant are eight rapid mix- 
ing basins that incorporate the phos- 
phate mix, lime, chlorine, and fluoride 
just prior to the delivery of water to 
Philadelphia consumers. The water 
flows from the plant, through a pre- 
stressed concrete conduit, to a 50-mil 
gal clear-water basin, and then directly 
to the consumers. 

The bulk-handling system in the 
post-treatment building marks an inno- 
vation at Torresdale. The system in- 


VINCENT B. JANSON 


Jour. AWWA 


sures increased operations without ex- 
tensive labor and handling costs. The 
old Torresdale plant required 100 em- 
ployees, plus a sand-washing detail of 
15-20 inmates from the city prisons. 
Now the plant operates with only 75 
employees, and the rapid sand _ filters 
are washed automatically. There are 
no personnel assigned specifically to 
the post-treatment building. The mini- 
mal manpower required is supplied, as 
a supplemental duty, by men working 
in the filter building. 
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Suggested Modified Method for Colorimetric 
Determination of Selenium in 


Natural Water 
George B. Magin Jr., Leland L. Thatcher, Shirley Rettig, 


and Harry Levine 


A contribution to the Journal by George B. Magin Jr., Leland L. 
Thatcher, Shirley Rettig, and Harry Levine, all Chemists, USGS, 


Washington, D.C. 


ETHODS for the determination 

of selenium have generally been 
long and involved. Cervenka and 
Korbova! developed a polarographic 
method for the determination of sele- 
nium in water. Deshmukh and his 
workers developed an _ iodometric 
method with the use of thiosulfate. 
These and other methods depend on 
selenium concentrations greater than 
those present in natural waters and 
generally employ a reduction proce- 
dure that is laborious, time-consuming, 
and relatively insensitive, necessitating 
the removal or masking of many inter- 
fering elements. Hoste,® in 1948, re- 
ported the use of 3,3’-diaminobenzidine 
for a qualitative determination of sele- 
nium. This determination was based 
on the fact that the reagent reacts with 
selenious acid to form an intense yel- 
low piazselenol : 


HN NH, 


Se=N N=Se 


Yellow Color 


The diaminobenzidine was further 


They found that Lambert-Beer’s law 
is applicable for concentrations of 
0.25-2.5 pg/ml selenium. The re- 
action is highly specific and the color 
is stable. Most other ions do not 
interfere ; those that do can be masked. 
In 1956, Cheng ® found that at a pH 
greater than 5, the piazselenol could 
be quantitatively extracted with tolu- 
ene, benzene, or xylene, butyl, and 
amyl alcohols and that ethylenedia- 
minetetraacetic acid tetrasodium salt 
(EDTA) can be used to minimize the 
interference of polyvalent metals. 


1. General Discussion 


Principle. This study is concerned 
essentially with reproducing Cheng’s 
results and adapting his method to the 
field of water chemistry. The modi- 
fied method presented here can be 
used for 0-50 pg selenium with good 
results. When the single-extraction 
technique is used for simplicity, ap- 
proximately 60 per cent of the sele- 
nium is extracted. The results are, 
therefore, largely empiric, and care 
must be taken to insure that operating 
conditions are kept as nearly constant 
as possible. It is advisable to run a 
set of standards covering the probable 


studied in 1955 by Hoste and Gillis.4 range of concentrations in each series 
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of unknowns to compensate for vari- 
ations in operating conditions. 


2. Apparatus 


2.1. Separatory funnels, 250-ml. 

2.2. lon-exchange columns.* 

2.3. Spectrophotometer.+ Spectro- 
photometric data are: 420-myu wave- 
length; blue phototube; no filter; 
40-mm cells; initial sensitivity setting 
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pellets of 99.99 per cent Se). Dis- 
solve 1 pellet (approximately 46.1 mg) 
Se in 5 ml HNO,, evaporate to dry- 
ness, redissolve in a few drops of 
HNO,, and dilute to 1 liter. Dilute 
216.9 ml of this stock solution to 1 
liter. Caution: selenium and its com- 
pounds are extremely poisonous. 

3.2. Diaminobensidine solution, 0.2 
per cent. Dissolve 0.40 g reagent grade 


Absorbance 


10 20 


30 40 


Selenium Concentration—y g 


Pig. 1. 


Typical Curves After Use of Mannitol-3,3’-Diaminobenzidine 


Hydrochleride Mixture 


The curves are from the data shown in Table 2. 


The solid curve represents Sample 


A; the dashed curve, Sample B. 


of 3; 0.1-mm slit width; and toluene 
reference cells. 


3. Reagents 


3.1. Standard selenium solution, 
1.00 ml = 0.010 mg (prepared from 

* Amberlite IR-120, made by Rohm & 
Haas Co., Philadelphia, Pa. 

+ Beckman Model B, made by Beckman 
Instruments, Fullerton, Calif. 


3,3’-diaminobenzidine hydrochloride 
in 200 ml of water. 

3.3. Disodium EDTA _ solution, 
0.1M. Dissolve 37.2 g reagent grade 
disodium EDTA dihydrate in water, 
and dilute to 1 liter. 

3.4. Bromthymol blue indicator. 
Dissolve 0.1 g bromthymol blue in 3.2 


 $Baker Catalog No. 8995, of Baker 


Chemical Co., Phillipsburg, N.J. 


= 
0.40 
0.20 A 
: 
0.10 
| 
0 
4" 
= 


Sep. 1960 SELENIUM 


TABLE 1 


Stability of Diaminobenzidine Hydrochloride 
in Water With Respect to Time 


| Absorbance 
| With 0.2 mg/l 
| Selenium 


Absorbance 


Date With Blank 


—1959 


ml 0.05N NaOH, and dilute to 250 
ml with water. 

3.5. Formic acid, 2.5N. Mix 28 ml 
reagent grade HCOOH with 222 ml 
water. 

3.6. Ammonium hydroxide, 10 per 
cent, volume/volume. Dilute 100 ml 
concentrated NH,OH to 1 liter with 
water. 

3.7. Toluene, spectroanalyzed. 


4. Procedure 


4.1. Regenerate the ion-exchange col- 
umns with 20-30 per cent hydrochloric 
acid. Flush thoroughly with distilled 
water. Pour sample through column, 
discarding the first 20-30 ml of efflu- 
ent. Collect about 200 ml of sample. 

4.2. Measure a volume (150.0 ml 
maximum) of the effluent containing 
less than 0.050 mg selenium into a 
200-ml volumetric flask. 

4.3. Prepare _ sufficient 
Toluene is used as the 
solution. 

4.4. Add 4 ml 2.5N formic acid. 
The pH should be in the range of 2-3. 

4.5. Add 10 ml 0.2 per cent di- 
aminobenzidine hydrochloride, shake 
for about 30 sec, and let stand 30 min 
+1 min. 

4.6. Add one drop of bromthymol 
blue, and titrate with 10 per cent am- 
monium hydroxide to a blue color. 
The pH should be in the range of 6-7. 


standard. 
reference 
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4.7. Dilute to 200 ml, mix, and 
transfer to a 250-ml separatory funnel. 

4.8. Add 25.0 ml toluene and shake 
for 1 min. 

4.9. Let stand until layers are sepa- 
rated. Discard water layer, and pass 
the toluene layer through No. 40 filter 
paper to which has been added ap- 
proximately 100 mg of anhydrous so- 
dium sulfate. Collect in a_ small 
beaker. 

4.10. Transfer to 40-mm absorption 
cells, place in spectrophotometer, and 
measure absorbance of samples and 
standard. 

4.11. Record room temperature. 


5. Experimental Results 


5.1. The diaminobenzidene reagent 
is stable in the dry state when kept 
away from direct light In this form 
the reagent is white, but when exposed 
to light, it gradually darkens until a 
dark purple color forms. Cheng * rec- 
ommended the storing of the aqueous 
solution in a refrigerator. It was 
found that refrigeration was effective 
for at least 3 days, as shown in Table 
1, but after that time the reagent began 


TABLE 2 
Reproducibility of Results With Mannitol- 
3,3'-Diaminobenzidine Hydrochloride 
Mixture 


Absorbance* 
Selenium 
Concentration 
ME 


Sample B 
0.120 
0.230 
0.349 
0.427 


Sample A 


0.210 


* The absorbance of the blanks was 0.005 and 0.010 
for Samples A and B, respectively. 
+ Unknown solution. 


ak 

Jan. 20 | 0.307 0.004 

Jan. 22 | 0.304 0.005 

Jan.23 | 0.312 | 0.005 

— 

10 

20 0.217 | 

30 0.322 

40 | 0.377 

50 0.521 

| 

(20)¢ 0228 | 

| 
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absorbance of the 
from this solution 


to darken. The 
samples prepared 
did not increase. 

The reagent can be used in a dry 
form by mixing one part reagent with 
twenty parts mannitol and adding the 
mixture to the samples with a scoop. 
Data from both methods show fairly 
close agreement. 

5.2. Cheng’s method, as modified 
with the use of the mannitol mixture, 
gave results that agree with the final 
composite curve arrived at with the 
use of the reagent in solution. Table 
2 and Fig. 1 show the reproducibility 
of results when the mannitol-3,3’- 
diaminobenzidine hydrochloride mix- 
ture was used. 

5.3. The effect of increasing the 
amount of 2.5N formic acid is shown 
in Table 3. Amounts of 2-8 ml of 
acid caused no appreciable change in 
absorbance when the selenium concen- 
tration was 0.15 mg/1. 

5.4. The conclusion from the data 
shown in Table 4 is that no difference 
in absorbance results from the use of 
different lots of spectrochemical grade 
toluene. 

5.5. Cheng found that the maximum 
rate of color development in formic 
acid occurs at pH 2-3 and that under 


TABLE 3 


Effect of Varying Amounts of 
2.5N Formic Acid* 


Formic Acid 
ml 


Absorbance 


2.0 0.300 
2.0 0.285 
4.0 0.286 
4.0 0.310 
6.0 0.315 
6.0 0.333 
8.0 0.310 
8.0 0.311 


* The selenium concentration was 0.15 mg/1. 
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TABLE 4 
Effect of Different Lots of Toluene 


Toluene 
Stock Number 


782264 


Absorbance* 


0.342 
0.340 
0.325 
0.321 
0.338 


774376 
764017 


* Each sample contained 30 wg selenium. 


these conditions color absorbance is 
at a maximum after 30 min. The data 
shown in Table 5 do not bear this 
out, but if the standards and samples 
are run for 30 min, the results are 
comparable. 

5.6. Cheng studied only the single- 
extraction procedure, although he rec- 
ognized that one extraction did not 
give 100 per cent recovery. He con- 
cluded, however, that results were 
proportioned and reproducible. Data 
on the effect of double and triple ex- 
traction are shown in Table 6. The 
data indicate that the distribution is 
nearly constant for one extraction and 
that there is little advantage in trying 
to recover 100 per cent of the selenium. 
The amount extracted in one operation 
is about 60 per cent. The distribution 
coefficient will remain fairly constant 
with careful control of volume, solvent, 
time, and temperature, but it is recom- 
mended that a series of standards be 
run each time with the unknown. 

5.7. Preliminary studies of the ef- 
fects of ions commonly present in natu- 
ral waters were made by adding 1 ml 
of 0.1M EDTA to individual samples 
containing 0.15 mg/! selenium and the 
following concentrations of ions: 100 
and 500 mg/l Na*, 500 mg/1 Ca**, 10 
mg/l Fe**, 10 mg/l Fe**t, 10 
Cu**, and 10 mg/l Al***. The addi- 
tion of EDTA did not prevent inter- 
ference from 500 mg/l Catt. When 
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samples of these concentrations were 
passed through the ion-exchange col- 
umn, the interference was minimized. 
It was therefore concluded that addi- 
tion of EDTA is satisfactory for sam- 
ples of very low mineral content, but 
that deionization is necessary for more 
highly mineralized samples. 

The ion-exchange technique was 
found to be satisfactory for these con- 
centrations of ions: 10 mg/I Fe***, 10 
mg/l Fe*t, 10 mg/l Al***, 10 mg/l 
Cu**, 500 mg/l Ca**, 200 mg/l Na’, 
125 mg/l HCO,-, 350 mg/l SO,-, 
and 300 mg/l Cl. The allowable 
limits may be much higher, although 
it was found that waters with concen- 
trations of 2,000 mg/l sodium and 
3,000 mg/l chloride caused excessive 
interference, even when diluted 1:5. 
Greater dilutions would probably cause 
the relative selenium content to drop 
below the limits of the method. Table 
7 shows the relative interference of 
500 mg/l calcium after the solution 
was treated with EDTA and after it 
was passed through the ion-exchange 
column. A series of tests in which 
natural waters were spiked with 0.20 
mg/l selenium showed no influence 
from the other elements usually pres- 
ent—magnesium, fluoride, and nitrate, 
for example. 

5.8. As previously mentioned, the 
temperature affects the distribution co- 
efficient. Three different water sam- 


TABLE 5 


Effect of Time on Color Development 
in Acid Solution* 


Absorbance 


0.329 
0.352 
0.370 
0.390 


* Temperature, 27°C. 
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TABLE 6 
Effect of Multiple Extractions on Absorbance 


| 
| Selenium Concentration—meg/l 
| 


Number of 0.15 


Extractions | 


0.05 0.25 


Absorbance 


0.082 
0.034 
0.015 


0.248 
0.106 
0.047 | 


| 0.390 
| 0.168 
0.065 
Total 0.131 0.401 0.623 
1 0.076 
2 0.040 
3 0.025 


0.242 
0.098 
0.054 


0.342 
0.146 
0.064 
0.552 


Total 0.394 


0.141 


ples were spiked with varying concen- 
trations of selenium in the range of 
0.000-0.333 mg/l, and the temperature 
of each was recorded during its run 
(Fig. 2). It is desirable to run a set 
of standards with each analysis in 
order to compensate for temperature 
variation. A composite curve, how- 
ever, accurate to approximately 5 per 
cent, can be made for a temperature 
variation of several degrees (Fig. 3). 


6. Calculations 


On standard graph paper, plot con- 
centrations of selenium standards in 
milligrams per liter against corre- 
sponding absorbance readings. Draw 
a straight line through the plotted 
points, and determine the selenium 
concentration of the samples to three 
decimal places by interpolation from 
the graph. 


7. Precision and Accuracy 


The modified method is suitable for 
the determination of selenium in natu- 
ral waters in the range of 0-50 yg. 
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Absorbance 


10 20 30 40 
Selenium Concéntration—yg 
Fig. 2. Effect of Temperature Variation on Absorbance 


The letters on the curves designate the samples: A, at 26.5°C; B, at 26.5°C; C, at 
25.0°C; and A’ (Sample A), at 21.5°C. 


Absorbance 


10 20 30 40 
Selenium Concentration — 4g 
Fig. 3. Composite Curve for Temperature Variation 


A composite curve, accurate to approximately 5 per cent, can be made for a tempera- 


ture variation of several degrees. 
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TABLE 7 
Interference of Calcium 


Absorbance 


0.339 


Solution 
0.15 mg/l Se 
0.15 mg/l Se plus 500 mg/l Ca 
(run through ion-exchange 
column) 


0.15 mg/l Se plus 500 mg/I Ca 
(1 ml 0.1M EDTA added) — 


0.331 
0.111 


The method is sensitive to 1 pg, and 
the precision is +1 pg. Selenium in 
brines, however, cannot be determined 
satisfactorily. Even with a 1:5 dilu- 
tion of the brines, their dissolved salts 
interfere, so that accurate results can- 
not be obtained. 


8. Conclusions 


The removal of water from the tolu- 
ene layer can be accomplished by filter- 
ing through 100 mg anhydrous sodium 
sulfate on No. 40 filter paper. This 


method is quicker than the centrifuging 
recommended by Cheng, and a com- 
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parison of both methods shows no 
difference. The diaminobenzidine re- 
agent can be added either in the solid 
form or as a solution. It is easier to 
use the reagent in solution, provided 
only enough is made up for a few days 
at a time. 
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Performance Records of Radial Collector Wells 
in the Ohio River Valley 


H. K. Gidley and John H. Millar 


A paper presented on Mar. 24, 1960, at the West Virginia Section 
Meeting, Huntington, W.Va., by H. K. Gidley, Partner, Kelley, Gidley 
& Staub, Charleston, W.Va., and John H. Millar, Director, Div. of 
San. Eng., State Health Dept., Charleston, W.Va. 


REPORT on the installation and 

performance of radial collector 
wells in Ohio River gravels was pub- 
lished in 1952.1. The report covered 
thirteen wells located in West Vir- 
ginia. In view of the continued indus- 
trial expansion in the Ohio River Val- 
ley and the installation of additional 
collector wells along the river, this re- 
port has been prepared to include the 
wells installed since 1952 and bring 
information on the performance of the 
collector wells previously described up 
to date. 


Survey of Well Owners 


A questionnaire was prepared and 
sent by the West Virginia Department 
of Health to all industrial firms and 
the one municipality in West Virginia 
known to have a radial collector well 


or wells in operation. Unusual inter- 
est in the subject was demonstrated by 
all who were surveyed; every ques- 
tionnaire was returned, and, in all 
cases, the data had been prepared by 
high level management and_ technical 
personnel. 

At present there are 18 radial col- 
lector wells in operation in West Vir- 
ginia. Six wells installed at the West 
Virginia Ordnance Works in 1942 
were removed from service in 1945. 


Eleven of the wells now operating have 
been installed since 1952. Well field 
locations are shown in Fig. 1. 


Production Capacities 


Of the eleven wells most recently 
installed, eight had initial capacities 
varying from 3.7 mgd to 4.3 mgd. 
Three wells at one location had initial 
yields of 2.0 mgd, 1.2 mgd, and 1.7 
med. 

Pertinent data on the individual 
wells are summarized in Table 1. The 
data include the newer installations as 
well as the earlier wells. Three of 
the wells—namely, Parkersburg Water 
Works Wells No. 4 and 5 and Well 
No. 3 operated by Caleco Chemical Di- 
vision, American Cyanamid Co.—are 
located on islands in the river, whereas 
all other wells are located on the shore 
near the river’s edge. All of the island 
wells recorded initial productions in 
excess of 4 med. 

According to the information sub- 
mitted by well owners, the safe yield 
of the collector wells may be somewhat 
less than the reported initial yields. 
One can usually expect a decline in 
well yield with time. 

The yield of the well maintained by 
E. I. du Pont de Nemours & Co. has 
declined 50 per cent in 12 years. The 
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three Calco wells show a loss of 30-40 
per cent of their initial capacity in 8-12 
years. 

Solvay Process Division, Allied 
Chemical Corporation, reports a total 
output of 6,000 gpm for four wells, 
or an average of 1,500 gpm per well. 
The reported initial yield per well was 
2,600 gpm. The decline in well ca- 
pacity, coupled with a water of un- 
desirable mineral characteristics, has 
led this plant to a decision to install 
cooling towers to meet cooling-water 
requirements. 


Mineral Content 


Table 2 gives partial minerai analy- 
sis of waters extracted by radial col- 
lector wells from the Ohio River gravel 
formations. Solvay Process Division 
Wells No. 1 and 2 have a high chloride 
and hardness content. This is said to 
be caused by seepage from a nearby 
waste disposal bed, and the high chlo- 
ride content was not present when the 
wells were installed. 

Manganese continues to be a prob- 
lem at the Parkersburg wells. Exces- 
sive manganese appears in four of the 
five wells. Iron and manganese re- 
moval facilities consisting of aeration, 
chemical treatment, flocculation, sedi- 
mentation, and filtration are used to 
treat the well water for use in the 
public system. It was originally antici- 
pated that the manganese content of the 
wells would decrease substantially with 
continued pumping, but this has not 
occurred during the first 11 years of 
operation. 


Redevelopment and Maintenance 


Because loss of well capacity has 
been substantial in some instances, well 
owners were asked whether any main- 
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tenance, extension, or redevelopment 
of collector lines had been required. 
The following information was re- 
ceived in response to the question: 
Solway Process Division Wells. 
Following a flood in the Ohio River 
in early spring of 1959, total well out- 
put (4 wells) increased from 5,000 
gpm to 8,500 gpm. This was attrib- 
uted to a higher rate of aquifer re- 
charge because of greater head on the 
aquifer and the scouring of silt from 


& 


@ Wheeling 
Solvay Process Div. (4 Wells) 


Nat. Aniline Div. (1 Well) 
Mobay (1 Well) 
Silicone Div. (3 Wells) x 


Calico (3 Wells) 
Parkersburg (5 Wells) 


WEST VIRGINIA 


Dupont (1 Well) 


W. Va. Ordnance 


(6 Wells) @ Point Pleasant 


@ Huntington 


Fig. 1. Locations of Radial Collector Wells 
in West Virginia 


Numbers of wells and installation dates 
for all of the locations shown are given 
in Table 1. 


the river bed. Resilting of the bed is 
considered to be the cause of a gradual 
deecline of well output from the 1959 
high of 8,500 gpm to the present 6,000 
gpm. 

Parkersburg Water Works Wells. 
Parkersburg plans to plug present col- 
lector lines in No. 2 and No. 3 wells 
and install new collector lines beneath 
the river. It is hoped that it will be 
possible to secure water with lower 
manganese content. 
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Silicone Division Wells. One addi- 
tional lateral has been extended from 
South Well 200 ft beneath the river. 
Additional laterals totaling 500 ft have 
been extended from North Well. 

Calco Wells. A program of revital- 
izing wells is now under consideration. 
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duPont Weill. A decline in well out- 
put, believed to be caused by silting of 
river bottom, is reported. 


Navigation Dams 


The Army Corps of Engineers has 
entered into a long-range construction 


TABLE 1 


Summary of Data on Collecior Wells in West Vir cinia 


Solvay Process Div. 

Well No. 1 

Well No. 2 

Well No. 3 

Well No. 4 
Parkersburg 

Well No. 4 

Well No. 5 
National Aniline 

Well No. 1 
Silicones Div. 

South Well 

North Well 

Center Well 
Mobay Chemical Co. 

Well No. 1 


Year 
Installed 


1954 
1952 
1952 
1954 


1954 
1959 


1953 
1954 
1954 


1957 


1955 


Depth 
Below 
Surface* 
tt 


Collector 
| Lines 
rotal 
Length 
it 


Static 

Water 

Depth 
it 


Initial 
Vield 
med 


Wells Previously Reported 


W.Va. Ordnance Works 


Well No. 1 
Well No. 2 
Well No. 3 
Well No. 4 
Well No. 5 
Well No. ¢ 
Du Pont 
Well No. 1 
Parkersburg 
Well No. 1 
Well No. 2 
Well No. . 
Calco 
Well No. 
Well No. 
Well No. 


1942 
1942 
1942 
1942 
1942 
1942 


1947 


1946 
1949 
1949 


1947 
1948 
1952 


CON 


7 
| Yield 
| & | 
60 15 756 37 
800 | 3.7 | 8.7 
60 15 756 3.7 
| 52 2 | SOO | 40 4.0 
49 29 | 792 | 20 2.0 pe 
| 50 24 1,046 1.2 1.1 
| | 46 | 24 | 400 1.7 1.4 oe 
| | 51 850 | 2.3 2.3 
F | | | 
| 
73 35 804 | 
66 | 36 | 899 | a 
61 | 34 | 1,081 | Re | 
62 | 33 | 1,007 | 
59 | 31 1,001 | | 
| | 
92 | 30. «1,259 | 454+] 2.25 
| | 
60 | 16 | 800 
56 | 17 | so | 25 | 1.5 
+ 54 | 18 | 800 | 40 | 3.0 ney. 
| 24 1,008 | 4.0 2.3 
st | 25 | | 17 1.2 
54 | 31 | 787 | 4.6 2.7 
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program for the improvement of navi- 
gation on the Ohio River. Numerous 
low dams are being replaced by fewer 
high dams, and normal pool levels are 
heing raised for long stretches of the 
river. The increase in the normal 
levels of pools will increase the yield 
of wells located adjacent to them. For 
example, the proposed Bellville Dam 
will raise the normal pool elevation at 
Parkersburg 12.8 ft. The normal out- 
put of the Parkersburg wells should be 
materially increased by this change in 
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2. The 24 wells which have been 
installed in West Virgina indicate that 
an initial yield of 1.5-4.5 mgd can be 
expected from a well when the river 
is at pool stage. Reasonably accurate 
predictions of initial well yield at spe- 
cific locations can be determined in 
advance by hydrologic studies. Con- 
siderable local variation in an aquifer 
is not unusual, and each well must be 
considered as an individual unit. 

3. The initial yield of most radial 
wells is not sustained with continued 


TABLE 2 
Mineral Characteristics of Water From Radial Collector Wells 


Characteristic 


Solvay Process 


Well 


Parkersburg Silicone Div. Mobay 


No. 1 | No. 2 | No. 3 | No. 4 | No. 4| No. | South | North No. 1 


Alkalinity (CaCO;)—ppm | 100 | 100 | 100 80 80) 84 


Hardness (CaCo;) 
Chioride (Cl) —ppm | 312* | 580* | 
Sulfate (SO,) ppm 
Calcium (Ca)—ppm 2 |170 | 
Magnesium (Mg)—ppm 

Silica (SiO.)—ppm 

Iron (Fe)—ppm 0 
Manganese (Mn)—ppm | 0 
pH | 6 


ppm 


2 
3 103 
9 | 6.7 | 


* Seepage from waste disposal area. 


the river level. Unfortunately, the dam 
construction program moves slowly; 
and it will be many years before instal- 
lation of all of the proposed dams has 
been completed. 


Summary 


1. Radial collector wells have been 
successfully used for the extraction of 
water from the unconsolidated alluvial 
deposits which occur in the Ohio River 
Valley in West Virginia. 


| 656 | 424 256 204 | 200 200 | 196 


28 3 | 


| 


pumping, and the decline in production 
may be as much as 30-50 per cent in 
a 6-12-yr period. Silting of the river 
bottom and a resultant lowering of the 
aquifer recharge rate have been sug- 
gested by some as possible causes of 
the decline in yield. Restoration of 
well capacity has thus far not been at- 
tempted at the locations covered in this 
report. 

4. Water obtained from collector 
wells is clear, has excellent bacterial 


| 

| 22 | 75 

2 190 | 188 | 172 

3 93 | 70| 40 36 | 32 48 

96 | 80 | 92) 70 
Be 102 | 70 156 | 154 | 156 | 54 

| 40] 36] 32] 9 

10] 7] 9 | 

0.2 | 0.3 | 04 | 0.3 | | 0.1 | 0.3 | 0.2 : 

0.3 | 0.3 | 2.0 | 09 | 0.9 
70 | 7.31751 7.3| 74] 69] 7.1 | 66 

i 


1210 H. K. GIDLEY 
quality, is free of taste and odor, and 
has a fairly uniform temperature. 

5. Water from a well receiving most 
of its recharge by direct river infiltra- 
tion has an average hardness compara- 
ble to that of the river. In some loca- 
tions the chemical makeup of the water 
is materially influenced by the ground 
water in the vicinity. If objectionable 
amounts of iron or manganese are nor- 
mally found in the aquifer at the well 
location, the presence of the iron or 
manganese in the well may persist for 


many years. In addition, the use of 


& JOHN H. 
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waste ponds at industrial plants may 
result in pollution of the aquifer and 
a deterioration of water quality. 
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Survey of Ground Water Contamination 
and Waste Disposal Practices 


Task Group Report 


A report of Task Group 2450 R—Underground Waste Disposal and 
Control, presented on May 17, 1960, at the Annual Conference, Bal 
Harbour, Fla., by Lynn M. Miller (chairman), Jones, Henry & Wil- 


liams, Cons. Engrs., Toledo, Ohio. 


Other members of the task group 


are J. G. Ferris, A. G. Fiedler, G. E. Glover, C. E. Carl, W. N. Gahr, 
FE. F. Gloyna, R. R. Kountz, G. W. Moore, and H. R. Wilke. 


N an effort to expand the vision of 

Task Group 2450 R, and to provide 
it with a means of collecting informa- 
tion on ground water contamination 
from all areas of the country, a ques- 
tionnaire survey was started in 1952. 
Repeat surveys of all states were made 
in 1955, 1957, and 1960. The com- 
piled results up to 1957 were presented 
in a report published in the JouRNAL 
in 1957.1 


1960 Survey 


The information presented here was 
collected primarily from replies to the 
1960 questionnaire and supplemental 
information furnished or brought to 
the attention of the task group by those 
who responded. Table 1 is an abbre- 
viated account of the replies. A spe- 
cific request was made for information 
concerning incidents observed during 
1957, 1958, and 1959. 

Of the 48 states that returned the 
questionnaire, 9 indicated no reported 
or observed contamination problems ; 
26 states indicated contamination by 
sewage; 22 reported oil and gas pro- 
duction waste or petroleum products 
contaminations; 15 indicated other in- 
dustrial waste or chemical contami- 
nants; and 13 reported problems which 


developed from contaminants of an- 
other nature. 

The actual sources of contamination 
are seldom unique and most of them 
were named by several states. The 
breakdown is as follows: disposal 
wells, 10; impoundments and lagoons, 
19; surface water dumping, 5; septic 
tanks or cesspools, 18; ground surface 
dumping, 12; leaking storage tanks 
or pipelines, 6; accidental spills, 2; 
and leaking of chlorides from stock- 
piles, 2. Several states implied or in- 
dicated contamination from natural or 
known sources of unpotable water 
through poorly or improperly con- 
structed wells. 

The frequency of contamination is 
alarming when it is recalled that these 
figures cover only a 3-year period. It 
is more alarming to note that 40 of 
the state reporters indicated that ade- 
quate statutory controls do exist in 
their states; only two indicated that 
controls are nonexistent and are not 
being formulated. Some explanation 
is offered by the fact that eight states 
either enacted new legislation or 
strengthened existing statutes during 
the 3-year period. 

To give the reader a better picture 
of the types and seriousness of ground 
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TABLE 1 


Type of Contaminants 


| Actual Contaminants 


| 
| Chem 


Oi, | ical, 
Gas Indus Other | None 


trial 
Alabama 
Alaska } | | diesel fuel 
\rizona 
\rkansas x salt water 
California* sulfides, saltwater, detergents in sewage. oil field 
brine, refinery wastes 
Colorado 
Connecticut ) detergents, gasoline, chromium 
Delawaret 
Florida sewage, detergents 
Georgia ) ) | septic tank effluents, refined gasoline and oil 
Hawaii | 
Idaho coliform organisms, petroleum products 
Illinois ? brine, heavy metals, dyanide, petrochemical 
| petroleum 
Indiana x ’ chrome wastes, brines, gasoline, fuel oil, pyradine, 
| picoline 
lowa sewage 
Kansas ? j | chlorides from chemical plant, oil field brines 
Kentucky fluorides, concentrated brine 


Louisiana oil field brines or sea water 

Maine sewage, chlorides 

Maryland x gasoline, oil, sewage 

Massachusetts | chloride compounds, sewage, phenols 

Michigan | detergents, gasoline, dry-cleaning fluid, chromium, 
disease-producing organisms 

Minnesota gasoline, sewage 

Mississippi | 
Missouri oil, sewage 
Montana ) gasoline 


Nebraska | detergents 
Nevada 

New Hampshire 
New Jersey detergents 

New Mexico | oil brines, chemical, industrial contaminants, 
| uranium 

New York ’ sewage, detergents, nitrate 

North Carolina | | gasoline, fuel oil, sewage, surface water, vermin 


North Dakota | sewage 
Ohio { 
Oklahoma x | | sodium chloride 

Oregon | ’ turbidity, barnyard drainage 
Pennsylvania } 
Rhode Island sewage, chlorides 

South Carolina } sewage 

South Dakota ’ ) | turbidity, sewage, petroleum products, chlorides 


Tennessee 
oil field brine 


Vermont | sewage 
Virginia | 
Washington , salt water, sewage 

West Virginia x ) | ) sewage, brine, dye wastes 
Wisconsint 
Wyoming ’ x sewage, syndets, petroleum fractions, organic in- 
dustrial wastes 


* Totaled response from 8 regions. 
t No reply. 
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Response to Task Group Questionaire, 1960 


Source of Contamination Statutory Control 


| surface | | 
Die | impound Water Ground | Ade. | Nen- | Being Yous 
posa ments, | Dum | Se Surf: Other exist - ormu- 
; , p- | Septic | Surface | Quate an 
| 
| leakage of storage tank | x 1949 
1953 
Rt x | x x 1959 
x | x improperly constructed wells| x 1949 
| | j | 
x | | | 
x | Al | 1959 
| j | 


accidental spills 


pipeline leakage or break 


ditches 


unknown sewage source 


x | 
| possibly from disposal wells x | 1957 
x x surface stream drainage into x | 
sinkhole 


highway salt piles x 


underground storage tanks | x | 1950 


leaking storage tank x 


accidental spill 


leakage of gasoline storage 
tanks 


leakage of gasoline and fuel 
oil tanks 


chloride stockpile x 
stream containing sewage 


unknown salt water source 


nw 


For water pollution, 1957. : 
For construction of wells and septic tanks for private use. 
| 


Code isolates water wells from sewage systems; general authority granted to health department. 


x | x | | 
x | 1939 
x x | 1955 
| | 1951 
2% x x | | | | 1957 
3 
x 

| 
| | x 
x 
x | 1925 
ag x} x§ 
x x | x 1957 
x 
x | 1899 
x | 
| x | x 1949 
| | | 
| * 
x 1951 
x x 1956 
x x x | 
x A x (1955 
\1959 
| x 1945 
x 
| 1953 
| 
| | | | | | 1957 
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water contamination reported, the ex- 
periences of a few representative states 
are summarized below. 


Michigan 


Reports from the Michigan Depart- 
ment of Health include accounts of 
two instances of serious ground water 
contamination in 1959, 

Excessive quantities of hexavalent 
chromium were found in two private 
wells in Tecumseh during July 1959. 
The chromium was traced to a small 
machine shop which was occasionally 
using a chromium compound for clean- 
ing. The waste material is now dis- 
charged into the city sewers, but pre- 
viously a disposal pit on the ground 
surface was used. The chromium 
leached from the pit into the ground 
water strata tapped by the private 
wells. 

During July 1959, a team of public 
health workers converged on the vil- 
lage of Posen (population 350) to 
determine the cause of an unusually 
high incidence of infectious hepatitis. 
At the time the study began, 84 cases 
of hepatitis had been reported, and the 
number increased to 110 during the 
search. Undoubtedly, there were sev- 
eral subclinical cases that never 
reached the attention of a physician. 

To help in this study 74 private 
wells were inspected and samples col- 
lected. More than 40 per cent of the 
samples showed evidence of danger- 
ous contamination. The wells ranged 
in depth from 30 to 135 ft. The area 
has outcroppings of limestone with 
1-20 ft of topsoil. The major causes 
of contamination appeared to be in- 
adequate isolation from sources of 
sewage and improper well construction. 
Most of the homes used septic tanks 
with leaching pits for disposal of the 
effluent. In order to install many of 
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the tanks and the pits in the ground, it 
was necessary to blast into the rock. 

Owing to a heavy snowfall and a 
rather sudden thaw, drainage condi- 
tions in Posen were very poor in the 
water of 1958-59. It is believed that 
flooding of a particular leaching pit 
induced the flow of contaminated 
ground water to other areas. The epi- 
demiological evidence shows that the 
contamination traveled from house to 
house, north to south, along the main 
street. 


Massachusetts 

During 1959 permission was given 
by local authorities to operate a circus 
near a gravel-packed well used as a 
source of public water supply. The 
State Department of Health recom- 
mended that permission be refused to 
operate the circus, but the local au- 
thorities ignored the recommendation. 
Examination of conditions during the 
circus disclosed pollution of the 
ground by human and animal wastes 
within 250 ft of the well. Analyses of 
the water showed the presence of a 
larger amount of fresh ammonia in the 
water than is expected in an unpol- 
luted ground water supply. Slight 
bacterial contamination was also noted. 
As a result of this incident, legislation 
has been introduced giving the State 
Department of Health, in the absence 
of specific rules and regulations, au- 
thority to issue orders only in the event 
that rules and regulations adopted for 
the protection of a particular supply 
have been violated. The department 
may also withdraw approval of a source 
of supply if pollution occurs. 

The disposal of waste liquor from 
the manufacture of insecticides into a 
sump area resulted in phenol pollution 
of a gravel-packed well located about 
500 ft away. Corrective measures 
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have been taken to prevent the phenol 
wastes from being discharged near 
the well, and continual policing will 
be necessary to prevent a recurrence. 
The phenol odor still remains in the 
water of the well and means to cor- 
rect this condition are being studied. 

Dumping of snow containing chlo- 
ride compounds over an embankment 
caused a large increase in the chloride 
content of the water in a gravel-packed 
well. Drainage was such that water 
containing the chloride compound 
ponded in the vicinity of the well. 
This condition was corrected by pro- 
viding proper drainage and requesting 
highway authorities to refrain from 
dumping snow containing chloride 
compounds on the embankment near 
the well. 


New Mexico 


The issue on recharge of ground 
waters is a particularly sensitive one 


in New Mexico, because of the short- 
age of water in this semiarid part of 
the country. Dropping ground water 
tables and encroachment of salt water 
barriers on domestic and _ irrigation 
water supplies have accentuated this 
situation. At least four problems have 
arisen during the past year in regard 
to the use of deep wells for recharge 
of ground waters with surface runoff 
or flood waters. So far the state has 
been successful in controlling the situ- 
ation, but it is definitely becoming 
more acute. 

It has been the policy to prevent 
creation of pollution problems prior to 
the installation of a new industry or 
project. An example of this was the 
installation of a new fertilizer plant in- 
volving the discharge wastes of high 
fluoride content. The original design 
called for leaching these wastes into 
the sandy soil near the plant, which is 
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directly above the ground water table 
for an extensive area, with no imper- 
vious material for protection. By 
means of waste treatment and recircu- 
lation of waste water, pollution of 
ground water was avoided. 

The installation of six uranium ore 
mills in New Mexico and one mill in 
an adjacent state has created both 
chemical- and radioactive-waste prob- 
lems. Investigations and control meas- 
ures in relation to these mills are cur- 
rently underway. One of the original 
mills was involved in contamination of 
a large ground water basin with ni- 
trate waste waters. Elimination of this 
situation involved a change in process 
that cost over $500,000, and the prob- 
lem of proper waste disposal is still 
not solved. 

Pollution control in New Mexico is 
a cooperative effort between several 
state agencies, including the Office of 
the State Engineer, Oil Conservation 
Commission, Interstate Stream Com- 
mission, Game and Fish Department, 
the Plumbing Administration Board, 
and Department of Public Health. 
The latter has been designated by the 
governor as the official water pollution 
control agency. 


Missouri 


Two types of ground water contami- 
nation have been experienced in Mis- 
souri, one source from oil and gas 
wastes and the other from domestic 
sewage. All of the incidents of con- 
tamination have occurred in privately 
owned wells or semipublic supplies, 
such as those of private camps of or- 
ganized groups. In no instance have 
wells used as sources of public supplies 
experienced direct contamination. This 
does not mean that all of the public 
ground water sources are free from 
some bacterial contamination; some 
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wells in limestone formations show pe- 
riodic bacterial contamination. 
Contamination of wells by either oil 
wastes or domestic sewage occurs quite 
frequently in private wells of small 
communities or wells on farms. This 
is attributed to the fact that privately 
owned wells are rarely properly con- 
structed, particularly in regard to 
casing depth. The construction of all 
wells for public supply is approved by 
the State Division of Health, and the 
depth of the casing is determined by 
the state geologist, based on examina- 
tion of drill cuttings submitted and 
examined during the drilling of the 
well. In many instances, contamina- 
tion of private well supplies goes un- 
detected. Investigations indicate that 
the presence of oil in a well is usually 
due to faulty construction. Perhaps 
the most serious ground water con- 
tamination that occurred in Missouri 
This 


was Monark Springs epidemic. 
contamination was due to faulty con- 
struction and proximity of the septic 
tank and well. 

There is now statutory control of 
pollution of underground sources and 
surface supplies such as lakes and 


streams. The law, however, does not 
provide for control of waste disposal 
on the ground surface unless the waste 
eventually reaches a lake or stream 
within the state. There is no statutory 
control over the drilling of a private 
well or construction of sewage facilities 
on private property. 


Virginia 

No instance of ground water con- 
tamination from liquid waste disposal 
practices has been reported in Vir- 
ginia. It is realized that such con- 
tamination has occurred, particularly 
from underground disposal of syn- 
thetic detergents, in other states. The 
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problem could occur in Virginia at 
almost any time because there is 
considerable underground disposal of 
household wastes and sewage. 


Minnesota 


Frank J. Kilpatrick, assistant direc- 
tor of the Division of Environmental 
Sanitation, Minnesota State Depart- 
ment of Health, has continued his 1959 
work reported in Minnesota Munici- 
palities.*. Some of the findings are dis- 
cussed below: 

During April 1959, the Minnesota 
Department of Health, in a routine 
survey of a private water supply sus- 
pected of contributing to family illness, 
found surfactant and nitrates in unusu- 
ally high concentrations for the area. 

This discovery led to a series of 
comprehensive surveys designed to 
disclose the extent to which the ground 
waters, and consequently the individ- 
ual water supplies, of the Minneapolis— 
St. Paul area are affected by recircu- 
lation of sewage from individual sewer- 
age systems. Surveys have been com- 
pleted in 29 communities involving 
about 54,000 private water supplies, 
and seven more are underway or 
planned. The findings so far have 
been startling. 

Each survey has consisted of the 
collection of water from a number of 
representative water supplies selected 
at random throughout the community. 
The samples are examined for chemi- 
cals and bacteria of sewage origin. 
The findings show that the ground 
water beneath the communities in- 
volved are currently so affected by re- 
circulation that approximately 50 per 
cent (27,000) of the households can 
no longer be secure in the use of their 
water supplies for drinking and culi- 


nary purposes. 
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The concentrations of surfactants 
and of nitrates indicated that there had 
been fractional to complete recircula- 
tion. In some extreme cases the water 
appears to have been through sewerage 
systems more than once. In others, 
the contamination has advanced so far 
that bacteria of sewage origin (coli- 
form organisms) are found. About 11 
per cent of the water supplies tested 
contained nitrate nitrogen in concen- 
tration of more than 10 ppm and are 
therefore unsafe for use in the prepa- 
ration of infant formulas. 


New York 


Contamination of some of New 
York’s ground water has been caused 
by the discharge of sewage through 
septic tanks to tile fields and cesspools. 
This is particularly true in Suffolk and 
Nassau counties, where this problem 
is under study. The study has been 


expanded to a limited extent in upstate 
areas, where contamination of shallow 
private ground water wells by sewage 


wastes, particularly detergents, has 
been found. 

A recent complaint was one concern- 
ing contamination of private ground 
water supplies by chemical and indus- 
trial wastes. Equipment to prevent air 
pollution was installed at a_ plant 
manufacturing fertilizer. The wastes 
were lagooned, and high nitrate con- 
centrations subsequently appeared in 
private well supplies in the vicinity of 
the lagoon. 

One 1959 instance of pollution of 
private wells in a subdivision was 
traced to septic tanks and tile fields 
installed in limited soil cover above 
limestone. It was necessary for a 
public water system to be installed, as 
every effort to eliminate or reduce 


the pollution of private water supplies 
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failed, even when wells were cased to 
the bottom and redrilled. 

Recently a small public spring sup- 
ply was found to be contaminated by 
industrial detergents. The detergent 
was not anionic and the local public 
health engineer was not able to trace 
the source. A manufacturing company 
was disposing of a small volume of 
concentrated wastes by spraying them 
in a gravel bed, located 1,500—1,800 ft 
from the spring. The practice was 
discontinued, and since then the physi- 
cal quality of the water from this 
spring supply has improved. 


Rhode Island 


Jerome Deluty has reported in an 
article* concerning well water in 
Rhode Island. 

The Rhode Island Department of 
Health has found synthetic detergents 
in samples from 72 wells in various 
localities in the state since January 
1959. The detergents were first evi- 
denced by the formation of a soapy 
foam in the bottle upon shaking, and 
their presence was confirmed by labo- 
ratory analysis. The presence of syn- 
dets in the wells was believed to have 
resulted from leaching through the 
ground into the ground water. Unlike 
soaps, which are precipitated by the 
calcium and magnesium in the water 
and left behind, synthetic detergents 
are only partly removed by a septic 
tank and absorption field. They are 
very stable chemicals and travel appre- 
ciable distances through the ground 
into the water table and move with it. 

In certain areas, detergent contami- 
nation has been found to extend into 
almost all of the wells. One such 
area is the Quaker Hill subdivision in 
Portsmouth, which consists of about 
50 homes with no public sewers and no 
public water supply. This subdivision 
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was developed during the period 
1953-58. The house lots vary in size 
from 7,000-15,000 sqft, the average 
lot being approximately 8,850 sq ft. 
Individual wells are drilled through 
the overburden into Pennsylvania 
sandstone, shales, and conglomerates. 
Water is furnished through openings 
along bedding plains and openings in 
the zone of fractures. The homes have 
septic tanks and absorption fields for 
sewage and waste disposal, but as the 
lots are fairly small, most of the wells 
are within 75 ft of the disposal unit. 

A total of 25 wells in this area were 
analyzed, and all but one contained de- 
tergents. The amount ranged from 
0.15 to 5.0 ppm. When shaken, most 
of the samples showed a soapy foam, 
but several did not. The detergent 
level of those that did not appear soapy 
was in the range 0.15-0.4 ppm. Gen- 
erally, a syndet concentration of at 
least 0.5—0.6 ppm is necessary to cause 


a soapy foam; the higher the concen- 
tration, the more abundant and _ per- 


sistent the foam. Some of the wells 
exhibiting high concentrations of syn- 
dets were as much as 300 ft deep. 

Only six of the 25 wells showed 
any laboratory evidence of bacteriologic 
contamination, and few exhibited high 
nitrogen values. The only form of 
nitrogen that tended to be abnormally 
high for this area was the nitrate ni- 
trogen. Many of the wells in this sub- 
division would be considered safe on 
the basis solely of routine bacteriologic 
and chemical examinations. 

Reports from many states indicate 
conditions similar to those given above 
and some may be even more dramatic. 
The point has been made, however, 
that while it appears much is being 
done to educate the public and to pro- 
vide adequate statutory controls, prac- 
tices of waste disposal which jeopardize 
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the health of the public are allowed to 
continue. 


Synthetic Detergents 


The task group has for some time 
been interested in finding some trace 
constituents which could be used for 
early determinations of ground water 
contamination. It would seem that the 
efforts might be discontinued for do- 
mestic sewage detection, as synthetic 
detergents (syndets) produce foaming 
at less than 1 ppm and are detectable 
at much lower concentrations through 
chemical analyses. 

The Federal Housing Administra- 
tion has in at least one case chosen to 
use syndets as an indicator of pollu- 
tion.* In the Minneapolis-St. Paul 
area of Minnesota very stringent regu- 
lations have been adopted by FHA 
for the protection of public health. 
These regulations primarily concern 
the isolation and construction of pri- 
vate water wells and set quality limits 
for the water produced. 


Well Regulations 


Future developments may be cur- 
tailed to some extent if a satisfactory 
means of waste disposal for suburban 
housing is not developed. In some 
cases it may be more practical to de- 
velop a public water supply system. 
This is not meant to imply that public 
water supply wells may be magically 
immune to contamination. But, the 
isolation and construction of public 
water supply wells are guarded by 
statute and regulations which provide 
the greatest possible security. 

It is readily acknowledged that not 
all suburban developments can be pro- 
vided with either a public water supply 
or sewerage system. In some areas it 
is not even the best use of water 
resources to attempt such systems. 
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Therefore, it appears obvious that 
there is a considerable need for regu- 
lation of water well construction prac- 
tices that will be applicable to all wells 
supplying water for human consump- 
tion. The state of Wisconsin has the 
most stringent regulations to date, but 
a few other states have what appear 
to be satisfactory regulations of a simi- 
lar nature. The greatest problem 
with such statutes lies in their policing 
and enforcement. 


Future Problems 


A recent survey ° indicated that 33 
states permit the use of ponds or la- 
goons for the oxidation or stabiliza- 
tion of municipal sewage. The replies 
to the task group’s questionnaire indi- 
cated that nineteen states have experi- 
enced ground water contamination 
from similar sources. Furthermore, 
several of the states permitting these 
lagoons are those that have had the 
contamination experiences. Nebraska 
has reported contamination of an irri- 
gation well, several private wells, and 
power company wells in the vicinity of 
such an installation. The lagoon was 
an experimental unit and was aban- 
doned when problems developed, but 
no action has been taken to clear the 
wells. The report indicated that they 
do not know what to do. It is quite 
probable that many more such inci- 
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dents will occur as the use of such 
lagoons becomes more widespread. 


Conclusion 


Although many states are exhibiting 
a growing interest in the elimination 
of undesirable waste disposal practices, 
the interest is not great enough in view 
of the continuing practices which are 
hazardous to private and public water 
supplies. The frequency of syndet de- 
tection in private water supplies has 
indicated a need for closer regulation 
of waste disposal practices and the 
location and construction of water 
wells. Public health agencies and the 


water supply industry must remain 
vigilant and aggressive in pursuance 
of their duty to detect and eliminate 
conditions which may or do lead to 
contamination of potable supplies. 
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Developments in Artificial Ground Water 
Recharge in the United States 


Task Group Report 


A report of Task Group 2440 R—Artificial Ground Water Recharge, 
presented on May 17, 1960, at the Annual Conference, Bal Harbour, 
Fla., by John J. Baffa (Chairman), Cons. Engr., New York, N.Y. 
Other members of the task group are H. C. Barksdale, C. M. Bechert, 
M. L. Brashears, C. R. Compton, F. B. Laverty, L. B. Losee, A M 


RTIFICIAL ground water re- 
charge practices in the United 
States were again the subject of a bi- 
ennial questionnaire circulated in 1959 
by Task Group 2440 R—Artificial 
Ground Water Recharge. Replies 
were received from all states and the 
District of Columbia. Respondents 
included ground water representatives 
of USGS, state sanitary engineers, and 
state water control and conservation 
agencies. The task group has also 
studied legislation affecting artificial 
ground water recharge and all avail- 
able literature issued since its previous 
report.” 


Recent Developments 


Answers to the 1959 questionnaire 
indicated that : 

1. Large volumes of water are being 
used to replenish ground water by 
artificial means 

2. Interest in artificial recharge con- 
tinues unabated, as evidenced by the 
initiation of additional experimental 
projects and inquiry into fundamental 
principles of recharge 

3. Interest has increased in the eco- 
nomics of artificial recharge as a water 
supply method 

4. Interest in operating data for re- 
charge projects has increased. 


Rawn, L. F. Warrick, and W. F. Welsch. 
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National Legislation 


On Apr. 20, 1959, Senate Resolution 
48 was passed by the United States 
Senate. This resolution authorized the 
establishment of a special temporary 
committee to study water resources 
activities in the United States and to 
make recommendations to the Senate 
for use in considering water resources 
policies for the future. On the agenda 
of this committee is a water supply- 
demand study that will consider avail- 
able ground water supplies as a means 
of meeting water needs. Also to be 
included are studies of waste water 
reclamation. The task group believes 
that artificial recharge provides an eco- 
nomically advantageous supply method 
for water catchment, storage, quality 
control, waste water reclamation, and 
water resources protection and con- 
servation. On this basis, current arti- 
ficial recharge practices should be 


evaluated in the national water re- 
sources inventory. 
State Legislation 

New York. In keeping with the in- 


creasing nationwide attention to re- 
gional needs for water resources, the 
Conservation Law of the State of New 
York was amended by Chapter 843 
of the Laws of 1959. The Water 
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Power and Control Commission was 
renamed the Water Resources Com- 
mission. The commission was ex- 
panded to include the commissioner of 
health and the commissioner of agri- 
culture. The commission was also 
authorized to make studies of water re- 
sources on an areal or regional basis. 
California. Artificial recharge prac- 
tices in California were reported by 
Harvey O. Banks, director of the De- 
partment of Water Resources: 


Studies in 1958 and 1959 showed that 
55 public and private agencies operated 
about 275 artificial recharge projects and 
planned about 30 additional projects. 
The figure of 275 compares with a figure 
of 78 projects evolved from a similar 
study made in 1955. The water that is 
spread at the major number of these 
projects goes into the ground water 
basins which are common reservoirs for 
domestic, municipal, industrial, and irri- 
gation supply. 

Recorded amounts of recharge in the 
period 1912-13 through 1957-58 totaled 
about 6,250,000 acre-ft, of which about 
640,000 acre-ft occurred during the 
1957-58 water year. In addition, there 
is a considerable amount of recharge in 
areas where activity in this field was re- 
ported but where no measurements of 
volume were made. 

A study indicated that in inland areas 
where sewage effluent is disposed of on 
land, approximately 85 per cent of the 
water disposed is conserved. .. . 

Studies are in progress which con- 
sider not only the economic benefits of 
artificial recharge but also water quality 
aspects and maximum practicable utiliza- 
tion of local supplies. These studies indi- 
cate that in Southern California, such 
conservation will not remove the neces- 
sity for the construction of additional 
facilities for the importation of water. 
As a consequence of this conclusion and 
other economic factors, studies are being 
made which also consider the use of 
ground water basins for the regulation 
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of a portion of the supply derived from 
facilities which import water. 


Illinois. A summary of eight full 
seasons of recharge operations at the 
Peoria infiltration pits has been re- 
ported by Robert H. Harmeson,? head 
of the Peoria Laboratory of the Illinois 
State Water Survey Division. In 
eight seasons of operation, 3.58 bil gal 
of water have been used for recharge. 
This represents an average recharge of 
about 4.7 mil gal per operating day. 
Operating procedures have included 
measurements of river stage, ground 
water level, river temperatures, chemi- 
cal constituents, applied chlorine dos- 
age, silt tests, agar plate counts, and 
tabulation of confirmed lactose fer- 
mentation tubes. The bacterial tests 


were made to control chlorine dosage. 
Costs of operation were 2.7 cents per 
1,000 gal recharged in 1954-55, 2.9 
cents in 1955-56, and 1.6 cents in 
1956-58. Recharge operations by the 


State Water Survey were terminated 
in May 1959. It has been proposed 
that the operation be continued by a 
local corporate body at an estimated 
cost of 2 cents per 1,000 gal recharged. 
This includes the salary of a part-time 
project engineer, wages of pit opera- 
tors, and costs of water, electricity, 
gas, pit cleaning, chemicals, and equip- 
ment maintenance. 

Washington and Oregon. Exten- 
sive data on artificial recharge prac- 
tices in Washington and Oregon have 
been made available by USGS in a 
report by D. H. Hart.* Nine installa- 
tions are described in the report. The 
purposes of recharging are to replen- 
ish supply, conserve the physical char- 
acteristics of water, or dispose of ex- 
cess uncontaminated water. In the 
nine installations, approximately 2,558 
acre-ft/yr are recharged. Of this 
amount, 695 acre-ft are recharged with 
exhaust water from heat pumps. 
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The Richland, Wash., public supply 
system utilizes the largest amount of 
recharge water—12,000 acre-ft/yr. Of 
this amount, 2,200 acre-ft are pumped 
from the Columbia River; the re- 
mainder is diverted by a canal from the 
Yakima River. The Richland system 
uses recharge ponds; all the other op- 
erations use recharge wells. Hart’s 
report states that “the success to date 
indicates that the process will find 
greater use in the future.” As to the 
recording of operating data, the report 
States: 


The operators have found that some 
operating problems arose from insuffi- 
cient records of the amounts of water 
recharged and withdrawn and of the 
chemical and physical quality of the 
water. The study indicates that future 
users of artificial recharge will find it 
advisable to record such data regularly. 


Also in Washington, an evaluation of 
the water supply recharge experiment 
in Walla Walla has been prepared and 
is currently being reviewed by USGS 
for public release. 


Long Island, N.Y. 


Fred W. Welsch, the senior hydrau- 
lic engineer of the Nassau County De- 
partment of Public Works, reports that 
under a long-range drainage and con- 
servation program, 405 storm water 
recharge basins have been developed 
successfully in Nassau County and 400 
storm water recharge basins have been 
developed in Suffolk County. Both 
counties are located in Long Island. 
It is estimated that approximately 40 
mgd of storm water runoff replenishes 
ground water storage in Nassau 
County at the present time. Future 
development of recharge facilities may 
ultimately increase this figure to 70 
mgd. The corresponding figures for 
Suffolk County are 10 mgd and 50 
mgd, respectively. 
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Salt Water Intrusion 


Reports from Florida state that 
dams in drainage canals are operated 
to keep canal levels high during dry 
periods in order to prevent sea water 
intrusion in coastal areas. The most 
noteworthy development since the 
task group’s last report has been in 
California. The Division of Resources 
Planning of the California State De- 
partment of Water Resources has is- 
sued a report on sea water intrusion 
in California. Appendix B of the 
report is a statement by the Los An- 
geles County Flood Control District 
on “Investigational Work for Preven- 
tion and Control of Sea Water Intru- 
sion, West Coast Basin Experimental 
Projects, Los Angeles County.” The 
report describes and records the ex- 
tensive field and laboratory experi- 
mental activities performed in connec- 
tion with this large-scale project. The 
present status of sea water intrusion 
into coastal ground water basins in 
California is discussed, methods of con- 
trol are described, and experimental 
studies applicable to the determination 
of design criteria are summarized. 

The report presents a great deal of 
data on well injection rates and hy- 
draulic and chemical gradients in the 
aquifers tested. It recommends a con- 
tinuous program of study and legisla- 
tion for planned utilization of ground 
water basins, together with positive 
action to halt and abate sea water in- 
trusion in all basins known to be af- 
fected and to prevent intrusion into 
the threatened areas. 


Reclamation of Sewage Effluents 


The recharge of ground water by 
sewage effluents is also receiving atten- 


tion. The final report of Los Angeles 
County on the 37-month Hyperion 
reclamation and recharge test has been 
prepared. Effluent from the Hyperion 
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high-rate activated-sludge plant, nor- 
mally discharged to the ocean, was 
used as a source of water. Intermit- 
tent spreading in small basins four 
times daily, allowing time for soil re- 
aeration between spreading cycles, was 
highly effective. The biochemical oxy- 
gen demand and the suspended-solids 
content of the effluent from activated- 
sludge treatment were reduced by 
90-95 per cent and produced a water 
meeting the USPHS standard for 
drinking water. Water treated by this 
method was successfully recharged 
through an injection well for a con- 
tinuous period of 6 months. Percola- 
tion of the chlorinated reclaimed water 
through short reaches of aquifer fol- 
lowing injection achieved further im- 
provement in the organic and bacteri- 
ologic quality of the water. San Ber- 
nardino, Calif., plans to recharge its 
ground water supply with effluent from 
a sewage treatment plant. 

Rawn and Hedger,® in a report to 
the Board of Supervisors of Los An- 
geles County, envisioned a demonstra- 
tion plant to provide 10 mgd for re- 
charge of ground water. The Water 
Pollution Research Laboratory in 
Great Britain reports large-scale ex- 
periments in progress to determine 
effects of recharging ground water 
supplies with treated sewage effluents. 
Ongerth and Harmon ® have discussed 
the sanitary engineering aspects of re- 
charge with reclaimed sewage. 


New Projects 


Milwaukee wili participate in an 
experiment to determine whether the 
rock formation from which the suburb 
Wauwatosa, Wis., obtains its supply 
can be recharged with filtered Lake 


Michigan water. Studies initiated by 
state and local officials, as a result of 
accelerated lowering of the ground 
water levels because of increased de- 
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mands during World War II, indi- 
cated the practicability and potential 
benefits of such a program. 
Kalamazoo, Mich., in cooperation 
with USGS, is engaged in an exten- 
sive, well planned recharge experiment 
to study well field recharge by means 
of a recharge pond. Both the well field 
and recharge pond are alongside a 
stream. [t is planned to increase 
natural recharge from the stream by 
means of a pond and channels. Stud- 
ies will include the determination of 
the hydraulic characteristics of aquifers 
and aquicludes; determination of the 
amount of recharge under conditions 
of drawdown and equilibrium of sur- 
face water level while wells are 
pumped ; determination of the portion 
of well discharge that is derived from 
surface recharge; evaluation of long- 
term effects of streamflow characteris- 
tics; observation of changes in min- 
eral content and temperature; and 
determination of natural evaporation- 
transpiration losses and changes in 
evaporation-transpiration caused by 
pumping under varying conditions. 


Past Studies 


A study was recently completed at 
Newark, Del., on the feasibility of re- 
charging ground water supplies from 
surface sources." Water table fluctu- 
ations induced by intermittent recharge 
have been analyzed and formulated by 
Maasland.* The theory may be ap- 
plied to problems of ground water flow 
through aquifers. The zone of aera- 
tion and its relationship to ground 
water recharge have been discussed in 
an article on the results of experiments 
on natural recharge at Seabrook, N.J.° 
Muckel *° has described recharge meth- 
ods, selection of recharge sites, and 
infiltration and percolation experi- 
ments in San Joaquin Valley, Calif. 


= 

; 


1224 TASK GROUP REPORT 


Conclusions 


On the basis of data reported in 
its 1959 questionnaire, the task group 
concludes that developments in the last 
2 years indicate that: 

1. Artificial recharge activities com- 
prise an important facet of the national 
water resource inventory 

2. Continuing experiment and _ re- 
search contribute to the ever increas- 
ing knowledge of the basic principles 
governing the artificial recharge of 
ground water 

3. The economic aspects of ground 
water recharge show that there is 
available an advantageous method of 
supplying water where applicable 

4. Operating and cost records of re- 
charge operations have proved helpful 
to operators engaged in recharge op- 
erations and to the water supply field 


in general. 
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You can contribute importantly to building community 
good will, to attracting new people, new building, new 


You do it by serving water that is consistently palatable 
. . . completely in keeping with the Arnerican standard 
of living today. 


industry, vacationers ...all that adds to local prosperity! 


You do it by daily threshold odor tests to detect trouble 


instantly. You know precisely the amount of AQUA 
NUCHAR needed from day to day to adsorb all taste- 


and-odor-forming substances. And you thereby save your 
town money. 


When unusual problems arise, you can rely on our author- 
itative technical service. We’re glad to be of your 


plan to keep friends and influence people. 
Y| Pulp and Paper 
INDUSTRIAL CHEMICAL SALES DIVISION 


230 Park Ave., New York 17 - Philadelphia National Bank Bidg., Philadelphia 7 
35 E. Wacker Dr., Chicago | - 2775 S. Moreland Bivd., Clevelond 20 
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Not everyone’s happy as a lark’ 
in the summer 


Every year, in many areas of the country, water wells bottom 
out, reservoirs bare their skeletons, water pressures drop, and 
political pressures rise. It’s getting worse. In 20 years the coun- 
try will need twice as much water. New resources will cost 
billions ...if they can be found at all. It’s time to face up to this 
problem now. 

In your business you can stop costly leaks and careless waste 
simply by placing meters at key points. They show where you 
can save water (and money) by improving processes, by recir- 
culating and reconditioning water for re-use. 

Water conservation—through accurate metering—is Nep- 
tune’s biggest business, growing rapidly with the country’s need 
for water. We'll be glad to help you with your water metering 
problem. 


* Our lark’s a Hartford robin, in Connecticut's 1957 drought 


LIQUID METERS 
NEPTUNE METER COMPANY cas merers 


47-25 34th St., Long Island City 1, N. Y. | ELECTRONIC SYSTEMS and COMPONENTS 
In Canada: Neptune Meters Ltd., Toronto, Ontario | for MEASUREMENT and CONTROL 
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Summer complaint—characterized 
by extreme hotness under the water 
customer’s collar at the inadequacies 
of water service during the hot- 
weather season—is now epidemic from 
one end of the country to the other. 
In Boston it began with record heat 
in June, in northern New Jersey it 
blossomed under the hot sun of July, 
as it did in St. Petersburg, Fla., and 
Salt Lake City, Utah. And in a thou- 
sand other communities from coast to 
coast the same old summer tempera- 
tures are creating the same old high 
demands, resulting in the same old 
symptoms of low pressure, and evoking 
the same old remedy of rationing. As 
usual, too, almost everywhere there is 
no drought about it, merely the lack 
of facilities adequate to deliver enough 
water to meet maximum demands. In 
the Boston area, for instance, the 
“shortages” were experienced when 
Quabbin Reservoir was overflowing, 
with 415 bilgal. In St. Petersburg 
rationing was being enforced despite 
the fact that the area’s annual rainfall 
of more than 53 in. was being deliv- 
ered as per schedule. And elsewhere 
over the nation inadequate transmis- 
sion facilities, inadequate treatment ca- 
pacity, inadequate distribution mains, 
inadequate pumps, and inadequate 


storage were subjecting millions of 
customers to their annual siege of 
water disservice. 

Of course, this sad malady is all the 
customer’s own fault for failing to ap- 
preciate the necessity for long-range 
planning and construction, for failing 
to understand the importance of pro- 
viding reserve capacity, and for failing 
to support adequate water rates—as- 
suming, that is (and we should cer- 
tainly be able so to assume), that the 
water utility has given the customer 
full opportunity to appreciate, under- 
stand, and support. Where the as- 
sumption is not true, where the utility 
has decided to wait for the customer 
to educate himself, the summer com- 
plaint is likely soon to become more 
uncomfortable for the utility than it 
has been for the customer. 

Whatever the problems of an indi- 
vidual community, however, there does 
seem to be some overall hope. Through 
the local public relations efforts of 
some forward-looking utilities, through 
the national advertising of a number 
of manufacturers supplying the field, 
through the widening program of the 
WSWMaA-supported National Water 
Institute, and through AWWA’s own 
Advancement effort, progress toward 
educating the public is being made. 


(Continued on page 36 P&R) 
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(Continued from page 35 P&R) 


We were happy to read in the Miami, 
Fla., Herald, for instance, that: 


Basically, St. Petersburg’s problem is 
lack of planning. It simply does not have 
facilities to handle enough water during 
a dry spell when residents want to keep 
their lawns and gardens green. 


and, in the Newark, N.J., News, that: 


In most parts of the country there is 
no actual lack of water. There is defi- 
ciency principally in storage, transmis- 
sion, pumping, and treatment capacity. 
.. . Correcting all these shortcomings, 
especially by construction of new reser- 
voirs, will take years, and a lot more 
public interest than is generally shown 
in the problem. Meanwhile, the munici- 
palities have a responsibility. Many of 
them have made no effort to keep new 
construction in balance with existing 
water supplies. Where shortages have 
occurred or are approaching, some mu- 
nicipalities may have to consider invok- 
ing their zoning power to restrict resi- 
dential growth and industrial develop- 
ment until supplies can be expanded. 


and in the 1960 Policy Declarations of 
the US Chamber of Commerce, that: 


State and local governments and pri- 
vate agencies are urged to make long- 
range plans for development and manage- 
ment of water supplies to relieve present 
or impending shortages. 


And we were no less happy to note 
that US Senator Philip A. Hart (D., 
Mich.) was concerned enough about 
“the grave need of the country to have 
a good water supply where we need it, 
when we need it, and in the quality 
we need” to use the problem as the 
subject of his weekly TV program, 
Washington to Michigan, last May. 
Thus, slow by slow, appreciation, un- 
derstanding, and support are being 
helped to grow. And the efforts of 


everyone are earnestly solicited for 
the work of this unorganized National 
Foundation for Summer Complaint. 


Water pressure of the type de- 
scribed last month (August P&R, p. 
42) as being unsuccessfully exerted by 
Toledo, Ohio, to force annexations, has 
been successfully applied at Louisville, 
Ky., in winning for the local water 
utility the right to charge the cost of 
extending water mains to the cus- 
tomer, subject to refunds as new serv- 
ices are added to the extended mains. 
Thus, after banning extensions beyond 
city limits for 16 months because of a 
court order forbidding it from passing 
on the costs of such extensions, the 
utility resumed providing such service 
in July under a new public service 
commission order. Requiring munici- 
pal utilities to make extensions in an 
area within 5 mi of city limits, except 
where determined unreasonable, the 
new order permits the utility to file 
with the commission its own rules con- 
cerning payment therefor. And the 
rules filed by the Louisville Water Co. 
and approved by the commission re- 
establish the program in existence 
before the ban. 

Real estate developers who origi- 
nally built up the pressure with their 
suits against the utility were no doubt 
relieved to have it relieved so they 
could get back to work again, recog- 
nizing that Louisville grows where 
water flows, even though it can’t be 
free-flowing. 


A motto which hangs in the offices 
of the Stamford Water Co. is, we 
would say, as clear as A. Bell: “Of 


course, I need it today. If I wanted it 
tomorrow, I’d ask for it tomorrow!” 


(Continued on page 38 P&R) 
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Underwrite Y our Bonds 
for Water Works Improvements 


with permanent 


IRON PIPE 


It's important to your city—and in- 
vestors who buy your bonds for new 
water works projects—that the life of 
these improvements should be longer 
than the debt. This is why large 
buyers of bonds request an engineer's 
report with the bond prospectus. 
They seek assurance that the pipe 
which will be used in new water 
works construction will not need re- 
placement or costly repairs before the 
bonds mature. 


No other pipe has ever matched the trouble-free service record 
or longevity of Cast Iron Pipe. Sixty-eight North American cities 
are still using cast iron mains laid a century or more ago. Hun- 
dreds more have passed the 50-year mark. When your community 
extends or improves its water system, specify Cast Iron Pipe, which 
has long been known as 


««America’s No. 1 Tax Saver.”’ 


This ad 5 hijched 


inthe ofthe "[popwaro IRON COMPANY 


WOODWARD, ALABAMA 
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Fire Prevention Week, Oct. 9-15, 
deserves your support not only because 
the proverbial ounce of prevention can 
be worth many gallons of the care you 
must provide, but because, as things 
now are, a fire breaks out somewhere 
in the US or Canada every 15 sec and 
kills a human being every 45 min. 
Fire Prevention Week can give you a 
peg on which to hang your fire protec- 
tion story as well as an opportunity to 
take the lead in an important commu- 
nity effort. The National Fire Protec- 
tion Assn., 60 Batterymarch St., Bos- 
ton 10, Mass., has developed a kit of 
campaign material for your use or you 
may prefer to do it yourself, letting 
Willing Water take care of Sparky, 
NFPA’s fire dog. 


Nuestro tema es el AGUA—our 
theme is WATER! So says AIDIS 
(the Inter-American Association of 
Sanitary Engineering) of its activities 
for 1960. And WATER will be the 
theme, also, for the Seventh AIDIS 
Congress, to be held in Montevideo, 
Uruguay, on Oct. 2-9. Of its theme 
our sister society says: 


Never have we sanitary engineers had 
such a specific challenge as water on a 
global basis. This presents us not only 
with an opportunity to demonstrate what 


PERCOLATION AND RUNOFF 


(Continued from page 36 P&R) 


(Continued on page 40 P&R) 


Vol. 52, No.9 


we can do for man but also places on our 
shoulders a tremendous responsibility. 
There is no other single item which is 
as important to man and his well-being 
as water. Just how important is water? 
You and I and our sanitary engineering 
colleagues know, . . . but have we gotten 
our point across? In many areas it is 
evident that we have not. Everybody 
agrees that water is a top-priority item. 
Then it is relegated far down the scale, 

. while it is denied the financing nec- 
essary to accomplish the goal. Sadly, it 
looks as though we sanitary engineers 
have failed in an important part of our 
mission. We have not effectively told 
the story. 

That water should be self-supporting, 
that it can pay its own way, is something 
which has been proven in many places. 
It is against this background that we 
must use our best skills and imaginations 
and move forward. Some sections have 
already gotten underway—Panama, Peru, 
and others. ... 


All of which comes so close to home 
that we wonder if AWWA, over- 
burdened though it be with present 
activities and problems, shouldn’t be 
extending its good neighborship to help 
meet the challenge that AIDIS points 
out. After all, the first “A” in 
AWWA is big enough to reach from 
Pole to Pole and nuestro tema es el 


AGUA, too. 


Max Levine, recently retired from 
the position of chief, Bureau of Labo- 
ratories, Hawaii State Department of 
Health, was awarded ap honorary de- 
gree of Doctor of Science by the Uni- 
versity of Hawaii on Jun. 12, 1960. 
Prior to his position in Hawaii, he 
was professor in charge of the Depart- 
ment of Bacteriology at Iowa State 
University. He has been an AWWA 
member since 1921. 
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A complete Celite diatomite filtration system can 
eliminate the costs of conventional pre-treatment facilities 


Now you can do something about skyrocketing 
per capita water consumption costs—as are dozens 
of municipalities every year. And get clearer, 
sparkling-bright water in the bargain! 

Install one of today’s small compact diatomite 
filtration plants, using Celite* filter aids. In many 
cases, raw water can be filtered directly, eliminat- 
ing several of the costly conventional pretreatment 
stages—flocculation, quick-mixing tanks, and set- 
tling tanks, for example. 

Resultt: Filtration plants requiring only %4 the 
space of sand plants of equal capacity. Capital 
costs cut almost in half—savings of up to 45%. 

Here’s why. Celite diatomite filters better than 
any other medium. Every cubic inch of the skeletal 
diatomite particles contains millions of micro- 
scopic filter pores. These are so minute they re- 


move all suspended solids, including amoebae and 
algae, without flocculation. 


Mined by Johns-Manville from the world’s 
purest commercially available diatomite deposit, 
Celite is carefully processed for uniformity. You 
have a wide choice of grades for best balance of 
clarity and flow rate. For further information, call 
your nearby J-M Celite engineer. Write direct for 
free technical reprints and illustrated brochure. 
Johns-Manville, Box 14, New York 16, N. Y. In 
Canada, Port Credit, Ontario. 

* Celite is Johns-Manville’s registered trade mark for its diato- 
maceous silica products. 


t See Comparison Studies of Diatomite and Sand Filtration by 
G. R. Bell, Journal American Water Works Association, 
September, 1956, or write for free reprint. 


JOHNS-MANVILLEYU 
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M. J. Harper, vice-president, Rock- 
well Mfg. Co., was awarded a plaque 
by the metering subcommittee of the 
American Gas Assn., on May 9, 1960, 
at the twentieth annual dinner given 
for the committee by the Rockwell Co. 
The plaque was presented in recogni- 
tion of Michael Joseph’s “good fellow- 
ship and many years of valuable assist- 
ance to the metering subcommittee.” 


The International Water Supply 
Assn. will hold its Fifth Congress in 
the new Congress Hall in West Berlin 
from May 29 to Jun. 3, 1961. Twenty- 
seven countries are presently members 
of the association, and 22 more par- 
ticipated in the previous congresses. 
The work schedule of the Fifth Con- 
gress includes a general international 
report on each of the following seven 
topics : 

1. Water disinfection—eighteen nations 
participating; US national rapporteur 
(and general rapporteur), Harry A. 
Faber. 
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2. Pollution of surface and under- 
ground waters—nineteen nations partici- 
pating ; US national rapporteurs, John W. 
Cramer and E. Sherman Chase. 

3. Water metering and meters—nine- 
teen nations participating; US national 
rapporteur, James G. Carns. 

4. Statistical analysis—eighteen nations 
participating; US national rapporteur, 
John C. Geyer. 

5. Automation—eighteen nations par- 
ticipating; US national rapporteur, Vic- 
tor A. Appleyard. 

6. Problems of local and regional wa- 
ter supply systems—eighteen nations par- 
ticipating; US national rapporteur, John 
G. McFarland. 

7. Large-diameter pipe—eighteen na- 
tions participating; US national rapport- 
eur, H. Arthur Price. 


In addition to the general interna- 
tional reports on the seven subjects, the 
program of the congress will include 
two plenary sessions, one on desalting 
of water and the other on radivactivity 
of water supplies. There will also be 
a special session on the new program 
of the World Health Organization for 
stimulating the development of public 
water supplies in underdeveloped areas, 
as well as a meeting of specialists on 
water treatment and analysis. In con- 
junction with the congress, an inter- 
national exhibition of water supply 
equipment and services will be held. 

The headquarters address of the In- 
ternational Water Supply Assn. is 34 
Park St., London W.1, England. 


Water company inspector, with 
long black beard, 7 years old (black 
beard, that is); married (inspector, 
that is) to woman who refuses to kiss 
him without black beard (his, that is) ; 
two children, aged 4 and 6, who 
strongly favor retention of black 
beard; previous experience with Mid- 


(Continued on page 42 P&R) 
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POSITIVE CONTROL OF MATERIALS IN MOTION ((gine 


NOW “PACKAGED” 


ALL-PURPOSE POSITIVE 
PROPORTIONING... 


portoncers CHEM-O-FEEDERS ... 


NEW DESIGN ... NEW VERSATILITY . . . NEW LOW COST! 


Versatile Model 1210 pumps . . . successors to 47 series 
Chem-O-Feeder and Heavy Duty Midget . . . feed one to 
three chemical solutions at once . . . accurately, safely, 
dependably! Complete package . . . ready to connect 
and start operating. 


* Interchangeable measuring chambers handle wide 
variety of corrosive solutions. 


¢ Straight-thru pump head design reduces pressure losses . . . 
eliminates air binding. 


* Plastic “see-thru” heads permit visual operation check. 


* Stroke-adjustment-in-motion allows rate changes 
without downtime. 


* Low cost! Simple, rugged design! 


industries 


BUILDERS-PROVIDENCE PROPORTIONEERS OMEGA 
METERS * FEEDERS + CONTROLS / CONTINUOUS PROCESS ENGINEERING 


Free bulletin 1210.20-1 gives complete details. Write . . . 
B-I-F Industries, Inc., 365 Harris Ave., Providence 1, R. I. 
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Wessex Water Co., Frimley Green, 
England ; left because of ultimatum to 
shave or quit; available for immediate 
employment; address Kenneth Lowes. 


A new miniature strip chart that 
can be mounted in a panel area ap- 
proximately 6 ft square has been de- 
veloped by Hersey-Sparling Meter Co. 
The compact unit provides indication, 
totalization, and recording. It has a 
six-digit totalizer, dual equivalent 
scales, and an effective range of 20:1. 


Flow information is recorded on a 
4-in. horizontal strip chart for 60- or 
120-day periods; when the chassis is 
removed, 26 hr of records are visible 
without moving the chart. The unit 
is suitable for graphic or conventional 
panels, as well as standard electronic 
racks. 


Remote meter reading in the water 
works field is, if Badger Meter Mfg. 
Co., Milwaukee, Wis., Visi- 
Meter, Inc., Kansas City, Mo., will 


forgive us, as old as meter reading 
itself. Of course, it wasn’t until last 
year that practical remote registers— 
Badger’s ‘“Read-o-Matic” and “Visi- 
Meter’s ‘“Visi-Meter”— were intro- 
duced, but long, long before that un- 
registered remote meter readings were 
being made from easy chairs in the 
homes of many meter readers who, on 
occasion, strayed too far from the 
water wagon. And the system devised 
for such readings, which has since been 
variously characterized as telepathic, 
empirical, putative, supposititious, pre- 


sumptive, presumptuous, and just 
plain crooked, is still employed with 
understandable frequency. Last re- 
ported occasion was early this year 
in North Miami Beach, Fla., where a 
since ex-meter reader rendered Janu- 
ary and February readings for 23 resi- 
dences without in the least disturbing 
the residents—until April, that is, 
when the results of an actual March 
reading proved that the telepathy had 
fallen considerably short, to the point 
of necessitating installment paying of 


(Continued on page 44 P&R) 
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NO basement meter mounting can be installed 
as quickly and easily as Ford’s “HANDYHORN”! 


The new Ford HANDYHORN (above) eliminates pipe threading, flaring and 
soldering, puts meter right side up, and provides a permanent physical and 
electrical connection of the service even when the meter is removed. 


Quickest and simplest means of setting meters in basements, the HANDY- 


Where piping is too close to corner 
... the Ford KORNERHORN can be 
employed. Like the HANDYHORN, 
this mount does not require flaring 
or soldering... and is quick and 
easy to install. 


HORN can be installed with saw and 
wrench. It can be used in nearly all 
vertical piping. Tubes are set at an angle 
of 120° to permit installation in corners 
where pipe is at least 2” from wall 
surfaces. 


Convenient, durable and attractive, the 
HANDYHORN is the modern way to mount 
water meters . .. reduce installation costs. 


For more information, 
write... 


FOR BETTER WATER SERVICES 


THE FORD METER BOX COMPANY, INC. Wabash, Indiana 
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March bills by some of the customers 
involved. 

But if telepathy has fallen short, 
telephony may soon permit perfectly 
proper armchair readings. A number 
of workable, though not economically 
practicable, systems using leased tele- 
phone wires have from time to time 
been devised, but now AT&T itself has 
put its mind to the problem with the 
idea of wiring present meters to pres- 
ent telephone circuits in such a way 
that, by dialing the number, the utility 
can obtain a signaled reading of the 
meter at any time. The details of the 
system have not all been worked out 
yet, but the very thought that it may 
be possible for someone to dial our 
number and find out things about us 


without our even knowing of it gives 
us some cause for concern. Not that 
we're worried about even as intimate 
a hookup as one to our television set 
to provide an accurate record of our 
viewing habits, but isn’t the next step 
wiring us for sound? As a matter of 
fact, we begin to wonder if we really 
need our phone anyway, now that 
there is a booth at every corner, if 
not every bend of the road. 

If you want to know something, 
don’t call us, we'll call you! 


Remote meter reason, meanwhile, 
must have prompted the states of Ne- 
vada and Utah to take the legislative 
action they did concerning water me- 
ters. In Nevada, public service com- 


(Continued on page 46 P&R) 


Build up your library of 
AWWA publications the 
easy, thrifty way with 


value in payment for publications of the 
5 AMERICAN WATER WORKS ASSOCIATION 
Redeemable for 4¢ cash. Expires Dec. 31, 1965 


Members pay only $8.00 for each $10-value coupon book. Coupons may be used 
until the end of 1965 for the purchase of AWWA standards, reprints, manuals, 
and books at prices shown in the latest AWWA Publications List (copy on re- 
quest). Coupons are redeemable for cash without loss at any time till then. 


AWWA Publication Sales Dept., 2 Park Ave., New York 16, N.Y.: 


Please send me..... «.+++-$10-value coupon book(s) at $8.00 each. 
©) My check or money order is enclosed. 


| ne member or representative) ... 


© Bill me as follows: 
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ARE YOU SACRIFICING 


POTENTIAL PUMPABILITY 


Of course you are not willing to write off the sub- CEMENTING 

stantial costs of a water well because of excessive 

drawdown! In many cases a decrease in production FORMATION TESTING 

can not only be halted . .. it can often be reversed 

and returned to near the initial rate .. . 7 servic- ACIDIZING 

ing or treating problem wells with advanced 

Halliburton Water Well Service Equipment and FORMATION FRACTURING 
Techniques. 

Your Halliburton Representative can show you how * HYDRO-SONIC REDEVELOPMENT 
to improve your well’s productivity by helping 

you select a proper service for a specific ooliben * SPECIAL TOOLS 
Halliburton equipment and experienced personnel 

are available throughout the country — day or Contact your nearest f 
night —to provide you with services such as... full details. 


HALLIBURTON 
WATER WELL SERVICES 


HALLIBURTON O1L WELL CEMENTING COMPANY @ DUNCAN, OKLAHOMA 
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mission law forbids the installation of 
meters by privately owned water utili- 
ties serving communities of more than 
4,500 inhabitants. The only utility 
now affected, since the Las Vegas 
system was taken over by a municipal 
district, is that of Reno, which must 
remain on a flat-rate basis. In Utah, 
meanwhile, the state engineer has 
statutory authority to require water 
companies to meter their systems, al- 
though the fact that a majority of 
the state’s 340 systems remain un- 
metered indicates that the power has 
not been used. As a matter of fact, 
a recent bulletin by State Engineer 
Jerry Tuttle, calfs for cooperation, but 
does not bare legal teeth. 

Remote, but interesting, we'd guess. 


(Continued on 


AND RUNOFF Vol. 52, No.9 


page 44 P&R) 


Morrison B. Cunningham, director 
of public works at Oklahoma City, 
Okla., was awarded a citation of ap- 
preciation by the city managers on Jun. 
28, the 40th anniversary of his em- 
ployment with the city. He served as 
President of AWWA in 1954. 


U-2, RB-47, and now 2-4-D are 
numbers associated with bombers in 
the headlines of late, but whereas the 
first two proved to be unarmed, the 
last is being loaded for chemical war- 
fare. It is rather unlikely, however, 
that the 2-4-D will be either shot or 
shouted down by the USSR, as its 
flight pattern will confine it to the 
reaches of Lake Musconetcong (the 
name has no relation, as far as we have 
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ELECTRIC 


KLETT SUMMERSON 
PHOTOMETER 


Adaptable for Use in Water 


Can be used for any de- 
termination in which color 
or turbidity can be devel- 
oped in proportion to sub- 
stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 


Analysis 
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Ductile Iron Split Sleeve 


ASSEMBLED IN 3 EASY STEPS 


Once the damaged pipe is uncov- 
ered, one half of the sleeve is placed 
on each side of the pipe 


Sleeve halves are drawn together. 
Pre-assembled rubber gaskets make 
tight seal 


After the bolts are taken up finger- 
tight, tightening the four bolts by 
wrench completes assembly. 


Permits easier, quicker, 
permanent repair of 
4", 6" & 8" transverse 
cast iron pipe 
underground breaks 
Assembled 4" di 


sleeve weighs but 26 lbs. Weight of 6” sleeve is 
32 Ibs., 38 lbs. for 8” sleeve. 


| SHORT LENGTH [agen length of 4 


inches between end seals on all sizes. Overall 
length is 64%". 


end gaskets are pre-assembled and cemented in sleeve grooves. 


All parts are high tensile and corro- 
sion-resistant. Sleeve halves are 70,000 psi tensile ductile iron. 
Nuts and bolts are high strength, corrosion-resistant alloy. 


HERE'S ALL THERE /S TO /T! lllustration shows two- 
piece glandless construction. Side gaskets overlap ends of circum- 
ferential gaskets for tight seal. Four bolts are only accessories. 
Tapping boss on each half allows maximum tap of 2 inches. Regu- 
larly furnished with one sleeve-half tapped for 4" pipe. 


JAMES B. CLOW & SONS, INC. 
201-299 North Talman Avenue + Chicago 80, Iilinois 


Subsidiaries: 
Eddy Vaive Company, Waterford, New York 
lowa Vaive Company, Oskaivosa, lowa 
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been able to determine, to the “Musco” 
in Muscovite, we hope) in northern 
New Jersey, where it will drop ex- 
ploding containers of 2-4-D granules 
in the hope of destroying survivors of 
the last year’s cold war. The “sur- 
vivors,” we hasten to point out, are 
bottom weeds which defied freezing 
out last winter when the lake level was 
lowered for that purpose. And not 
to implicate the US or its military es- 
tablishment, we note that the bombing 
program is being financed with a New 
Jersey state legislative appropriation 
of $50,000. 


Computerese, the language of the 
electronic brain, has now been glos- 
sarized by the Brown Instruments 
Div., Minneapolis-Honeywell Regula- 
tor Co., Philadelphia, so that laymen 
will know what its salesman are sell- 
ing. The 22-page, pocket-size booklet 
includes 82 terms that should vocabu- 
late you to expertitude. Using the 
definitions you will quickly appreciate 
that optimization of the peripheral 
equipment of an analog computer can 
produce an overflow readout on the 
nixie light, we think. Not defined are 
the acute symptoms of computeritis, 
computerosis, or complete compusion. 


Robert E. Garrett has been elected 
president and chief executive officer of 
US Pipe & Foundry Co., Birmingham, 
Ala., to succeed the retiring Claude S. 
Lawson. The latter continues as board 
chairman. Garrett has been a US Pipe 
vice-president since 1952. 


Castroted—completely unmanned, 
that is—was Havana University’s 
College of Engineering last July as 
the new pro-Castro supreme govern- 
ing council of the university dismissed 
all 28 engineering professors for al- 
leged counter-revolutionary activities. 
Among the 28 were at least four 
AWWA members, two of whom— 
Leandro de Goicoechea and Luis A. 
Nunez—have served as members of 
the Board of Directors in recent years. 
Must be they weren’t convertibles. 


The 9th annual management short 
course, sponsored for utility managers 
and supervisory personnel by the IIli- 
nois and Indiana sections of AWWA, 
will be held at Allerton Park, near 
Monticello, Ill., on Oct. 24-28. Con- 
ducted by the University of Illinois, 
the course is designed to provide a 
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BIG FOUR-1N- WATER WORKS 


-PALMER 
SURFACE WASH 
SYSTEMS 


HAPMAN 
TUBULAR CONVEYORS 


STUART 


CORPORATION 
BALTIMORE 


cx, WALKING BEAM 
FLOCCULATION 


EQUIPMENT 


CRISCRETE 
FILTER BOTTOMS 


STUART CORPORATION » 516 NO. CHARLES ST. - BALTIMORE 1, MD. 
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Control water alkalinity, reduce acidity. .. with 
handy PH-Plus blocks. Dry and dustless, with no caking, no waste 
from spilling. They dissolve slowly, last longer, assuring a more 
accurate, more constant feed with no zig-zag alkalinity results. 
Try economical PH-Plus soon, and learn how easy it is to control 
pH of water. Packed in 100-lb. bags. Write for further information. 


OLIN MATHIESON CHEMICAL CORPORATION 
Chemicals Division e Baltimore 3, Maryland 


Olin Mathieson Chemical Corporation 
| Chemicals Division, Mathieson Building 
perfect pH contro/... Baltimore 3, Maryland 


C I'd like more information on PH-Plus 


p T I’m interested in distributing PH-Plus 


PH-Plus® is a trademark 
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Water Meter 
Manual 


Ion-exchange units, designed for quick 
installation and available in capacities of 
2,100-13,200 gph, are discussed in a 4- 
page, illustrated bulletin. The informa- 
tion on the “packaged” unit is available 
from Cochrane Corp., 17th St. & Alle- 
gheny Ave., Philadelphia 32, Pa. 


Essential information on cold- 
water meter selection, instalia- 


tion, testing, and maintenance Radioactivity in water can be detected 
by a newly developed fluid monitoring 
is presented by the AWWA system. The bulletin describing the sys- 
tem may be obtained from Nuclear Meas- 
Meter Committee in clear, con- urements Corp., 2460 N. Arlington Ave., 
Indianapolis 18, Ind. 

cise language, generously am- 
: : Steel pipe is the subject of an illus- 
plified by photos, drawings, trated, 4-page folder. WSP 9060 may 
be obtained by writing Product Informa- 
and tables. Meets a long-felt tion Service, Armco Drainage & Metal 
. Products, Inc., Middletown, Ohio. 

need for a practical guide in 


Temperature and pressure recorders 
ave described in an 8-page, illustrated 
catalog that features detailed photographs 
and diagrams of the equipment. Catalog 
800 is available from U.S. Gauge Div., 
American Machine & Metals, Inc., Sel- 
lersville, Pa. 


this field. AWWA Manual 


M6, paperbound, 88 pp. 


. Electric flowmeters for all types of 
Price, $1.25 liquids and gases are the subject of a new 
28-page bulletin. Designed for pressures 
up to 5,000 psi, the meters are described 
and illustrated with photographs, circuit 
Order from: diagrams, and flow charts. Publication 
| No. 59-5 may be obtained from Republic 
» Meters Co., 2240 Diversey Pkwy., 


WORKS ASSOCIATION 


Butterfly valves, designed for pres- 
2 Park Ave., New York 16, N.Y. | sures up to 125 psi, are discussed in a 
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WATER LEAKAGE 
PROBLEMS 
IN 
CONCRETE 
STRUCTURES? 
use... RUBBER WATERSTOP 


HOLLOW BULB—FOR EXPANSION JOINT 

Insures permanent, watertight seals in joints where considerable 
movement due to expansion and contraction is expected. Flexible 
and elastic with a very high degree of tensile strength to withstand . 
both lateral and shearing movement. Widths—-6” and 9”’. . . lengths : 


(Kor4-Pak Filler) 


FLAT DUMBELL—FOR CONTRACTION OR EXPANSION JOINTS 


Made of durable, elastic cured rubber which has high tensile 
strength and a for effective sealing of contraction and ex- 
pansion joints against hydrostatic pressure. Carefully manufactured 
to insure dense, homogeneous cross section for greatest service life. 
Widths—-6” and 9” . . . lengths to order. 


SPLIT TYPE WATERSTOP 
facter, carter installation 


A new Servicised development already in 

wide use because it reduces installation 

time and cost by eliminating splitting of form. 

One half of width is split to permit fastening 

to inside of bulkhead in the form of a “T.” After section 
is poured, form is removed and divided sections are 
joined together by stapling. Pat. Pend. 


WATERSTOP UNION 
waterstop simplifies Field Splicing 


Permits a faster, simpler method of field 

splicing, using only rubber cement. The 

union is hollow and is made from rubber 

meeting the same specifications as the 

waterstop. Available for splicing 6” and 9” 
Asolid web through the Dumbbell and 6” and 9” Hollow Bulb Wa- 


center insures perfect 
centering of woterstop '@TStOps. Pat. Pend. 


oom, Write for Special Waterstop Catalog. 


SERVICISED PRODUCTS CORPORATION 


6051 West 65th Street Chicago 38, Illinois 
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A Symbol of Quality 


WATER 
SERVICE =. 
PRODUCTS 


MODEL B 
TAPPING 
MACHINE 


TAPPING 
MACHINES 


One of a : 
complete fine of 
Water Service 
Products 


GENERAL PRODUCTS DIVISION 


HAYS MFG. CO. 


PA. 


Vol. 52, No.9 


Serwice Lines 


(Continued from page 50 P&R) 


comprehensive 36-page catalog. The in- 
formation includes, along with photo- 
graphs and cutaway drawings, general 
hydraulic data, materials specifications, 
and operation methods. Descriptions of 
the rubber-seated valves are in Bulletin 
No. 5904, available from Darling Valve 
& Mfg. Co., Williamsport 28, Pa. 


Meter settings are completely de- 
scribed and illustrated in a _ two-color, 
43-page booklet recently published. In- 
cluded are cutaway drawings and speci- 
fications for 21 different meter settings. 
A copy of the booklet, “The Engineering 
of Water Meter Settings,” is available 
from Ford Meter Box Co., Inc., Wabash, 
Ind. 


Electronic data processing for smaller 
utilities is the subject of a 6-page bro- 
chure, which explains how small com- 
panies can make use of facilities offered 
by special service centers. A copy of the 
information may be obtained from Rem- 
ington Rand Div., 315 Park Ave. S., 
New York 10, N.Y. 


Corrosion protection with sodium 
silicate is covered in a 2-page technical 
data sheet that discusses treatment proc- 
esses and correct dosages. The infor- 
mation is available from Philadelphia 
Quartz Co., 1158 Public Ledger Bldg., 
Philadelphia 6, Pa. 


Elevated steel tanks are the subject 
of a 20-page, illustrated booklet that 
makes use of photographs, tables, and 
diagrams to describe a wide selection of 
tanks. A copy of “Modern Water Stor- 
age in Elevated Steel Tanks” may be ob- 
tained by writing Pittsburgh-Des Moines 
Steel Co., Neville Island, Pittsburgh 
25, Pa. 
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Des Moines 


for QUALITY in 


STEEL TANKS 


PEDESTAL SPHEROID PEDESTAL SPHER WATERBALL 
200,000 to 750,000 galions 25,000 to 300,000 gallons 10,000 to 100,000 gallons 


You can depend on PDM .. . for the complete range of modern 
elevated tank types and capacities to serve each water storage 
need . . . and the quality of construction that protects your commu- 
nity’s investment over the greatest number of years of faultless 
service. * Almost sixty years of PDM experience in building steel 
: elevated tanks is at your disposal. Write us! 
ELEVATED STERL TANKS Pittsburgh-Des Moines Steel Company 


Plants at PITTSBURGH, WARREN, BRISTOL, PA. + BALTIMORE + BIRMINGHAM + DES MOINES 
PROVO, UTAH + CASPER, WYO. * SANTA CLARA, FRESNO, STOCKTON, CALIF. 
Sales Offices 

SEND FOR NEW 20- PITTSBURGH (25) " Neville Island NEW YORK (17) P ..200 East 42nd Street 

WARREN, PA. ...... P. 0. Box 660 NEWARK (2). « ’ . 744 Broad Street 
PAGE CATALOG— BALTIMORE (26). P. 0. Box 3459, Curtis Bay Station CHICAGO (3) 679 First National Bank Bidg. 
FREE ON REQUEST BIRMINGHAM (8).... P. 0. Box 8641, Ensley Station ATLANTA (5) » 361 East Paces Ferry Rd., N. E. 

DES MOINES (8)................. 1015 Tuttle Street JACKSONVILLE...................4066 Ferrarra St. 

PROVO, UTAH ......P. 0. Box 310 DALLAS (1). .......... Suite 1703, Southland Center 

SANTA CLARA, CALIF..... P. 0. Box 329. DENVER (2)....... . 323 Railway Exchange Bidg. 

EL MONTE, CALIF. ....P. 0. Box 2012 500 Wall Street 


TORO-SPHERICAL 200,000 to 3,000,000 gallons 
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PROFESSIONAL SERVICES 


Professional Seruices 


ALBRIGHT & FRIEL, INC. 
Consulting Engineers 
Water, Sewage, Industrial Wastes and Incineration 
Problems 


City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


Three Penn Center Plaza Philadelphia 2, Pa. 


BLACK AND ASSOCIATES, INC. 
BLACK LABORATORIES, INC. 
Engineers and Chemists 


Water, Sewerage, Hydrology, Waste Treatment 
Complete Laboratory Services 


700 S. B. 3rd St. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 
Engineers 
Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


CLINTON BOGERT ENGINEERS 
Consultants 
Ivan L. Boosrt 
Rosesrrt A. Lincotn 
Wriuiam Martin 
Water & Sewage Works 
Highways and Bridges 
145 Bast 32nd Street, New York 16, N. Y. 


Incinerators 
Flood Con' 


AWWA STANDARDS 


for Water Works Materials 


Compiled, approved and published by 
your Association to meet your needs. 
Send for list of publications. 
American Water Works Association, Inc. 

2 Park Avenue New York 16, N.Y. 


Bowe, Albertson & Associates 
Engineers 
Water and Se Works 
Industrial Wastes 
use Dis 
Valuations 
tory 


73 West Street 
New York 6, N.Y. 


1000 Farmington Ave. 
West Hartford 7, Conn. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 


Rosert Norris 
Dowaup C. Mar 
Homer J. Harwarp 


E. Arres 

E. Lewis 

Srvart B. Marnarp 
Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


Brockway, sg & Brockway 
ated 
E. Weber 
Thomas A. Ernest L. Greene 


Muniapal, Land 


West Palm Beach, Florida Ft. Pierce, Florida 


BLACK & VEATCH 
Consulting Engineers 
Kansas City 14, Missouri 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Special 


BROWN AND CALDWELL 
Civil and Chemical Engineers 
Water—Sewage—Industrial Waste 


Consultation— Design—Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 
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JOURNAL AWWA 


Professional Services 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Water Surpty—Sewace 
Hypraviic DeveLopMEeNTs 
Reports, Investigations, Valuations, Rates, 


Design, Construction, Operation, Manage- 
ment, Ch | and Biological Laboratories 


112 EB. 19th Se., New York 3, N. Y. 


CAPITOL ENGINEERING 
CORPORATION 


Consulting Civil Engineers 


Dillsburg, Pennsylvania, U.S.A. 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water Supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 
Valuati Rates— Manag t 
Laboratory—City Planning 


601 Suismon Street 
Pittsburgh 12, Penna. 


BURNS & McDONNELL 
Engineers— Architects—Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CHAS. W. COLE & SON 
Engineers and Architects 


3600 E. Jefferson Blvd. 2112 W. Jefferson St. 
South Bend, Indiana Joliet, Illinois 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennetr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y. 


CONSOER, TOWNSEND 
& ASSOCIATES 
Consulting Engineers 


Sewage treatment, sewers, storm drainage, floed 
control — Water supply end treatment — High- 
way and bridges—Airports—Urban renewal — 
Electric and gas transmisson lines — Rate 
studies, surveys and valuations — Industrial 
and institutional buildings. 


360 East Grand Avenue Chicago 11, Illinois 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 
Investigations, Reports, Design 
Supervision, Research, Development 


18 Tremont St. Boston 8, Mass. 


DAY & ZIMMERMANN, INC. 
Consulting Engineers 


Valuations 
Feasibility Studies & Reports 
Rate Cases & Financial Studies 
Supervisory Consulting Service 


1700 Sansom St. Philadelphia 3, Pa. 
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Professional Services 


Fay, Spofford & Thorndike, Inc. | GREELEY AND HANSEN 


Engineers 


Engineers 


Supply i — Drai 
werage and Sewage Treat t—Inci t 
Airports — Bridge — ress Highways Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Investigations Reports Valuations ‘ 

Designs Supervision of Construction enn 


11 Beacon St., Boston 8, Massachusetts 14 B. Jackson Bivd., Chicago 4 


FINKBEINER, PETTIS & STROUT GROUND WATER ASSOCIATES 
Consulting Engineers Consulting Hydrologists and Engineers 


Investigations, Repcrts and Recommendations 
Water Supply, Water Treatment, on Underground Water Supplies. Preparation 
of Plans and Specifications. 
Bridges, Highways & Expressways 
Box 480 JEfferson 6-0494 


2130 Madison Avenue Toledo 2, Ohio Norman, Oklahoma 


FROMHERZ ENGINEERS WILLIAM F. GUYTON 
Structural—Civil— Municipal & ASSOCIATES 
Four Generations Since 1867 Consulting Ground-Water Hydrologists 
Highways & Streets Investigations, Reports, Advice 


Investigations ; Reports; Plans and 
Specifications ; Supervision 307 &. 
New Orleans Phone: GR-7-7165 


GANNETT FLEMING HASKINS, RIDDLE & 
CORDDRY & CARPENTER, Inc. SHARP 


Engineers 


Consulting Engineers 


Water Wor 
Industrial “Garbage Disposal Water—Se & Industrial Wastes— 
Roads—Airports—Bridges—Flood trol Hydraulics 
Town Planning—Appraisals Reports, Design, Supervision of Construction, 
Investigations & Reports Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 
HAVENS & EMERSON 
GIBBS & HILL, INC. A. 


Water Supply and Treatment 


Industrial and Municipal Waste Treatment , 
Electric Power and Transmission Consulting Engineers 


Transportation and Communication Savings, 


i i Leader Bidg. Woolworth 
Pennsylvania Station New York 1, New York 
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Professional Services 


HAZEN AND SAWYER 


Engineers 
Richard Hazen Alfred W. Sawyer 
H. E. Hudson, Jr. 
Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave. New York 17, N.Y. 


Items for Your Library 


The latest edition of AWWA's publication list 

includes information on how you can save money 

through the use of Publication Discount 
upons. 


American Water Works Association, Inc. 
New York 16, N.Y. 


2 Park Avenue 


ANGUS D. HENDERSON 


Consulting Engineers 
Anovs D. Henperson Tuomas J. Casey 


Water Supply and Sanitation 


Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210-07—29th Ave. 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 
1392 King Avenue Columbus 12, Ohio 


H. G. Holzmacher & Associates 
Consulting Engineers 
H. G. Houzmacuer 
R. G. Hotzmacuer 8. C. McLenpon 
Municipal Engineering 
Water Supply & Treatment 
Sewerage & Treatment 
Water Analysis Laboratory 


66 W. Marie Street, Hicksville, L. ., New York 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Avenue Toledo 6, Ohio 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Bloss V. C. Lischer 


Airports, Sewerage & Drainage, Hydrology, 

Sewage & Industrial Waste Treatment, 

Water Supply & Treatment, Paving, Struc- 
tures, Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


HARRY J. KEELING 
Consulting Engineer 
Electrical— Mechanical—Corrosion 


In ne Reports—Advisory Service 
Mobile radio communication systems; 
Special mechanical design problems ; 
Soil corrosion, Electrolysis, 
Cathodic protection 
of buried or submerged metal surfaces. 


1780 S. Robertson Blvd. Los Angeles 35, Calif. 


ROBERT W. HUNT CO. 
Inspection Engineers 
(Established 1888) 
lngyontion and Test at Point 

of Origin of Pumps, Tanks, 
Conduit, Pipe and 


810 S. Clinton St. 
Chicago 7, Ill. 


and Principal Mfg. Centers 


KENNEDY ENGINEERS 


Ricaarp R. Kennepy Rosert M. Kennepy 
Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


Mission St., San Francisco 5 
Los Angeles Salt Lake City 


Sep. 1960 P&R 57 
3 

we 
2 

; 


PROFESSIONAL SERVICES 


Professional Services 


DEAN S. KINGMAN 
Consulting Engineer 


Water Works 
Sewerage & Treatment 


1907 University Avenue 
Palo Alto, California 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 
Valuations 
Laboratory 


Statler Building 
Boston 16 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


JAMES M. MONTGOMERY 
Consulting Engineers, Inc. 

Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control— Drainage 
Valuations— Rates 
Investigations— Design—Operation 
535 B. Wainut St. Pasadena, Calif. 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, Designs 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 


3242 W. Bighth St. Los Angeles 5, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 


Consulting Engineers 
Sewage Treatment—Water Supply 


Industrial Waste Treatment 
Appraisals 
327 Franklin St., Buffalo, N. Y. 
500 Fifth Ave., New York 36, N. Y. 


Consulting Ground Water Geologists 
Salt Water Problems 
Investigations 
Reports 
New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


PARSONS, BRINCKERHOFF, 
QUADE & DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
165 Broadway New York 6, N.Y. 


Look to the Journal 
Advertising Pages 
for guidance when you require professional serv- 


ices or water works products. A “Buyers’ 
Guide" appears in the final pages of this issue. 


2 Park Avenue New York 16, N. Y. 


MALCOLM PIRNIE ENGINEERS 


A. ARENANDER 
Ernest W. Warrtock Matcoum Prante, Jr. 
Ropert D. C. Leonarp 
Monictpat AND INDUSTRIAL 
Water Supply— Water Treatment 
Sewage and Waste Treatment 
Drainage—Rates— Refuse Disposal 


25 W. 43rd Se. 2910 Grand Central Ave. 
New York 36, N.Y. Tampa 9, Fla. 
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Professional Services 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


RIPPLE & HOWE, INC. 
Consulting Engineers 
V. A. Vaseen B. V. Howe 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
ts, rvoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833—23rd St., Denver 5, Colo. 


Professional Cards in the 
JOURNAL AWWA 
A must for water supply consultants 
Reserve your space now 


2 Park Avenue New York 16, N.¥ 


ROBERT AND COMPANY 
ASSOCIATES 
Engineering Division 
Power Plants Water Sewage Plants 

Airports Industrial Plants 


Docks and Terminal Facilities 
Reports Investigations 


96 Poplar Street, Atlanta, Georgia 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal ; Industrial Wastes; “Tnvestigations 
«& rts; Design ; Supervision 
nstruction & Operation 
Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary—Structural 


Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


RADER AND ASSOCIATES 
Engineers and Architects 

Water Supply, Treatment and Distribution 
Sewers and Sewage Treatment 
Investigations, Reports, Plans 

Supervision of Construction and Operations 

Aerial Photography, Photogrammetry 
The First National Bank Building, Miami 32, 
Florida 


1025 Connecticut Ave. N. W. 
Washington 6, D. C. 


J. HOMER SANFORD 
Consulting Engineer—Hydrologist 
39 Years of Seer Investigation 
Groundwater De t, Recharge, 
Dewatering and Salt Intrusion 
Analysis of Available Supply and Safe Yield 
Litigation Reports and Testimony 
1143 B. Jersey Street Elizabeth 4, N. J. 


THOMAS M. RIDDICK 
& ASSOCIATES 
Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Se Treatment, Plant Supervision, 
ndustrial Waste Treatment, 
Laboratories for and Bac’ 


369 B. 149th Se. 
MOr 


New York 55, N.Y. 
35-2424 


SERVIS, VAN DOREN & HAZARD 


Engineers— Architects 


Investigations - Destan - SUPERVISION OF 
NSTRUCTION - APPRAISALS 
Water - Sewage - Streets - Expressways - High- 
ways - Bridges - Foundations - Airports - Flood 
Control - Drainage - Aerial Surveys - Site Plan- 
ning - Urban Subdivisions - Industrial Facilities 
Electrical - Mechanical 


2910 Topeka Bivd. Topeka, Kansas 
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J. E. SIRRINE COMPANY 
Engineers 
since 1902 
GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 
Water Supply and Treatment 
Sewage and Industrial Waste Treatment | 
Stream Pollution Surveys 
Chemical and Bacteriological Analyses 


R. KENNETH WEEKS 


ENGINEERS 
Designers Consultants 


Water Supply and Purification 
rage and Sewage Treatment 
Investigations and Reports 
Supervision of Construction 


Streets and Highways 
6165 EB. Seweils Point Road, Norfolk 13, Va. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


JACKSONVILLE, FLORIDA 


Complete Engineering Services 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Water—Sewage—lIndustrial Wastes 
Stream pollution —Air pollution 


Surveys —Research— Development— Process 
ring Plans and Specifications— 
Operation Supervision— Analyses— 
Evaluations and Reports 


Newtown Square, Pa. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 
Hershey Building 208 S. LaSalle St. 
Muscatine, Ia. Chicago 4, Ill. 
1154 Hanna Building 
Cleveland 15, Ohio 


WESTON & SAMPSON 
Consulting Engineers 
Industriel Wastes Treatment. 
Reports, Designs, Supervision of Construction 
and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


Water Supply and Purification; Sewerage, 
Sewage a 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply—Sewerage— Waste Disposai 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. 75 Public Square 
Columbus, Ohio Cleveland 13, Ohio 


WHITMAN & HOWARD 
Engineers 
(Est. 1869) 
Investigations, Designs, Estimates, 
Reports, Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


WATER SERVICE 
LABORATORIES, INC. 
Chemical Engineers 
Specialists in Water Treatment 
Consulting and Technical Services 


Main Office: 615 W. 131 St., N. Y. 27, N. Y. 
Offices also in: Phila., Wash., & Richmond 


WHITMAN, REQUARDT 
& ASSOCIATES 
Engineers Consultants 


Civil—Sanitary—Structural 
Mechanical— Electrical 
Reports, Plans 
Supervision, Appraisals 


1304 St. Paul St. Baltimore 2, Md. 


J. STEPHEN WATKINS 


J. 8. Watkins G. R. Watkins 
Consulting Engineers 

Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, yy and Structures, Reports, 

Investigations and Rate Structures. 

446 East High Street Lexi K cky 


$402 Preston Highwey, Leusville 13, Kentucky 
ton Highway, isville 1 
107 Hale Street, Charleston, W. Va. 


WILSEY, HAM & BLAIR 
Engineers and Planners 


Investigation and Design 
Water Supply, Treatment and Distribution 
Utilities Rate and Valuation Studies 
Sewage Treatment and Disposal 
Airports, Municipal Works and City Planning 


111 Rollins Road 800 W. Colorado Blvd. 
Millbrae, California Los Angeles 41, Calif. 
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M-Scope “Master” Electronic Witch 
Leak Survey Instrument and Pipe Locator 


The transistorized leak Finder Combination is the first dual 
leak detector and pipe finder 
circuits. Now you can aot two tem tees ‘in one without any compromise in per- 
formance. The “MASTER” leak Detector—Pipe Finder incorporates the very latest 
in tion and circuitry in edditior. to having an exception- 

ally long battery life. An ideal instrument for any Water Department. 


strume 


Finding a leak Locating a leak Location of 
under pavement at the valve dead ends 


Write for information, demonstration or trial. 


PIPE LINE EQUIPMENT 
Place your next order with POLLARD 
it ts trom POLLARD It's the Best Pipe Line 


POLLARD ‘ew Park + NEW vYorRK 


INC. Bronch Offices 964 Peoples Gos Building, Chicago. 
i 333 Condler Building, Atlonto Georgio 


PIPE LINE BQUIPMENT 


PIPE LINE EQUIPMENT 


— 

< 
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CONDENSATION 


Vol. 52, No.9 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 


volume 39, page 473, issue dated May 1947. If the pub- 
lication is paged by the issue, 39:5:1 (May '47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—lInstitute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


INDUSTRIAL WATER USE 


Industry and Water Supply in Germany. 
Anon. Wasser, Luft & Betrieb (Ger.), 2: 
152 (’58). From the annual report of the 
Bundesverband der deutschen Industrie, fig- 
ures are given showing the great increase 
in the industrial water demand of Ger. in 
recent years. In ’55 the industrial demand 
was more than double the domestic demand. 
The report discusses means of ensuring 
maintenance of the supply, the application of 
the Water Law of ’57, the problems of 
variations in legal requirements in different 
states, responsibility for the results of poln., 
protection against poln., revision of the legal 
powers of river boards, development of 


standards, encouragement of the individual 
initiative of industries and finance, and the 
importance of 
WPA 


international cooperation.— 


Water Supply for Foundries—II. 
Luft & Betrieb (Ger.), 2:194 (’58). De- 
scriptions are given of the water systems of 
foundries in Ger. and Austria. In the Ruhr 
district foundries are the greatest users of 
water. Figures are given for the tot. water 
demand and supplies from different sources 
for the foundry industry, mining, and chem. 
works. Methods of saving water include 
replacement of water cooling by steam cool- 
ing and extensive reuse of water. An ac- 
count is given of the methods of collection, 
treatment and reuse of water at various 
plants, with a plan and description of the 
complete recirculation plant at the West- 
falenhuette. In Austria statistics of water 
demand are somewhat scanty but figures are 
given for different industries in Styria where 
foundries account for 29.7% of the tot. in- 
dustrial demand. The water system of the 
Donawitz works and the introduction of a 
closed recirculation system and steam cool- 
ing are described with a plan, and the effect 


(Continued on page 64 P&R) 


of recirculation on the polluting material 
discharged to the river is discussed. An 
account is also given of the water supply 
system of the iron and steel works of Linz. 
—WPA 


Water Economy in the Factory. P. 
Liesen. Bul. Centre Belge Etude et Docu- 
ment. Eaux (Liege), 44:89 (’59). After 
discussing the various uses of water in in- 
dustry and the quality of water required for 
each purpose, the author gives examples of 
the use of water in paper mills, steel works, 
and gas works, with special reference to the 
economic aspects, and outlines methods for 
improving the economy, especially by pre- 
venting wastage; reusing water from one 
process for another process not requiring 
water of such high quality; and using suit- 
ably chosen and well maintained pumping 
systems.—_W PA 


Water Economy in the Coal Mines of 
Belgium. F. Eperine R. Leiceors. Bul. 
Centre Belge Etude et Document. Eaux 
(Liege), 97:19 (’59). An account is given 
of the uses of water in coal mines in the 
5 main mining areas of Belgium. Water is 
needed for both domestic use (for washing, 
cleaning, and sanitary requirements), and 
for industrial use in the plant, where !arge 
amounts are required for coal washing, for 
dust removal, and for the production of 
steam and cooling water. Water is obtained 
from rivers, and is reused as much as possi- 
ble. Waste waters from coal mines are 
discharged to rivers after treatment, and 
regulations are presented for their treatment 
and discharge, to prevent the pollution of 
surface waters. Treatment of the waste 
waters is usually by sedimentation, with or 
without preliminary coagulation. In one 


plant it is planned to use a cyclone for 
removal of slime, followed by flotation — 
WPA 
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the Old Shell Game 


M & H does not believe that a business transaction should be a 
gamble, with either buyer or seller looking out for himself at his own 
risk. From the beginning of its career, the M & H Management has 
realized that a customer should become a friend. A customer should 
really be a silent partner—and not always silent, either, because his 
honest advice and opinion are extremely valuable. 

So there has never been a place in the M & H organization for the 
old legal phrase of commerce i.e., “Caveat emptor” (Let the buyer 
beware). Instead, the confidence and trust of a customer always has 
been considered a Company asset of vital importance. A policy has 
been strictly followed to the effect that any transaction involving seller 
and buyer must satisfy both. Therefore, M & H Pro- 
duction Department always makes the best product 
it knows how—and the M & H Sales Department 
sees that a fair trade is made with the customer who 
buys it. The Company will certify its product is made 
in accordance with specifications, and will give the 
service for which it is designed. 

In effect, M & H and a customer voluntarily be- 
come unofficial partners responsible for the service 
rendered by M & H products in use. It is a relation- 
ship of which the Company is very proud. e 


M:H VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA: 
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The Significance of Water Economy in 
the Steel Industry for the General Water 
Supply and the Maintenance of the Qual- 
ity of Surface Supplies. V. Breir.inc. 
Gas- u. Wasserfach. (Ger.), 101:73 (’60). 
A steel plant with a production of 2,000,000 
tons/yr will use about 100,000,000 cu ft/yr, 
equiv. to the usage of a city of 1,500,000 in- 
habitants. Hence, it is necessary to recir- 
culate as much water as possible. As about 
80% of the water is used for cooling pur- 
poses, this water must be recooled in cooling 
towers, with the avoidance of excessive 
concen. of salts. Acid treatment or addn. 
of polyphosphates may be useful in some 
cases. Water used in mfg. processes will 
generally have to be purified and settled 
before reuse. Water used for removal of 
dust in blast furnace gas must be freed from 
HCN and settled. Water used for scale 
removal may contain oil and require the 
addn. of chemicals and skimming. Spent 
pickling liquors may be neutralized with 
CaO, and the sludge settled out. Bacteriol. 
supervision must be used to avoid contamina- 
tion of recirculated water, and sanitary 
wastes must be disposed of separately—CA 


Water Supply of Siderurgical Works. R. 


Cotas. L’Eau (Paris), 45:259 (’58). Wa- 
ter consumption in the steel industry is 
greater than in any other industry in France, 
amounting to 120 cum per ton of steel pro- 
duced, or about 1.2 billion cu m/yr, after tak- 
ing into account a probable recirculation of 
about 40%. This requirement is discussed 
in relation to surface and ground water re- 
sources, other water demands, and water 
poln. Examples are given of the water de- 
mands and resources of the industrial re- 
gions of Moselle and Meurthe-et-Moselle in 
the east of the country, and of the northern 
region, both showing the uncertainty of 
water resources in relation to needs of the 
pop. and industrialization increase—WPA 


Cooling Waters in Siderurgical Works. 
E. Donen. L’Eau (Paris), 45:271 (’58). 
After discussing the quality of water re- 
quired for cooling purposes in steel works, 
and the methods of treatment (both physical 
and chemical), especially to reduce the hard- 
ness, corrosivity, and action of living or- 
ganisms, the author describes the cooling 
circuit, including facilities for controlling the 
quality of the water, and indicates the econo- 


mies which would result from certain im- 
provements.—_WPA 


Energy Aspects of the Problem of Water 
in Siderurgy. J. Szczeniowsxi. L’Eau 
(Paris), 45:263 (’58). The various uses of 
water in a steel works are discussed from 
the point of view of the consumption of 
energy involved in pumping, and the heat 
lost with the water; and methods for reduc- 
ing this consumption of heat and electrical 
energy are suggested. The advantages of 
the method of cooling by evapn., which is 
being used more widely in certain countries, 
such as Germany and Russia, are considered. 
—WPA 


Heinz Factory at Kitt Green. ANown. 
Engr. (Lond.), 207 :809 (’59). At the new 
plant of H. J. Heinz Ltd. at Kitt Green, 
near Wigan, large volumes of water are 
required for boiler feed, process cooling, and 
washing. The boiler feedwater is softened 
by ion exchange, and the washing water is 
chlorinated. Used cooling water is cooled, 
filtered, and chlorinated before reuse. The 
waste waters are screened and stored in 
balancing tanks before discharge at a con- 
trolled rate to the municipal sewers—WPA 


Examples of the Use of Water in Closed 
Circuit. E. Cornuat J. DEcCARREAUX. 
L’Eau (Paris), 45:279 (’58). Two exam- 
ples are given of the recirculation of water 
in steel works. The limited quantities of 
water available for the Sidelor works at 
Micheville, France, from the river Vacherie, 
a small tributary of the Alzette, and from a 
mine at Brehain, led to the adoption of a 
closed-circuit system which is described and 
shown diagrammatically. About 94.7% of 
the water is recirculated, the 5.3% of makeup 
water amounting to 4.4 cum/ton. Water 
supplies for the rolling mill at Mont-Saint- 
Martin, France, are obtained from the river 
Chiers and since the water demand can reach 
5 times the flow of the river, a closed-circuit 
water system is necessary. The various 
uses of water are considered and the 5 water 
circuits, all using recirculation, are de- 
scribed with the aid of a flow diagram. 
Cooling water for the furnace is filtered 
and treated with polyphosphates to prevent 
formation of scale, but for other purposes 
physical treatment is sufficient, either filtra- 
tion through silex (for water used in cool- 
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A MILLION GALLONS FOR THE HEART OF WHEAT BELT 


Despite its vast granaries and elevators for Kansas wheat, the city of Hutchinson was 
very short on water storage. This situation has now been remedied by this handsome 
million-gallon elevated water tank, built of enduring steel. Designed, fabricated and 
erected by skillful Graver engineers, it rises 125’ to the low water level and provides ample 
storage and pressure for the city’s present and future needs. Forward-looking cities, like 
Hutchinson, regularly turn to Graver for significant water tank improvements. 


Graver Tank A Mfg. Co. 
EAST CHICAGO, INDIANA 
PLANTS AND OFFICES ACROSS AMERICA 
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ing the rollers, in the heat exchangers in 
the motor room, or in washing the products 
to remove iron scale) or sedimentation (for 
water used in transport of scale) —WPA 


Improvements in Water Economy at the 
Czarna Woda Fiberboard Mill. A. Kuta- 
Kowski. Przeglad Papierniczy (Poland), 
14:1:5 (’58). Methods used for the con- 
servation of water at the fiberboard mill at 
Czarna Woda (Pol.) are outlined. They 
include reductions in the amount of water 
used in thickener sprays and screen showers, 
and reuse of water in cyclones and on Waco 
filters. Owing to these measures, the con- 
sumption of fresh water was reduced by 
37%, but the quality of the products (namely 
hardboards and porous fiberboards) was not 
lowered, while the performance of the Waco 
filters was improved—_WPA 


The Effect of Surface-Active Agents on 
the Formation of Boiler Scale. G. H. 
IRELAND. Corrosion Prevent. & Control 
(Gr.Br.), 12:369 (’58). The mechanism of 
scale formation in boilers is described, and 
the part played by various surface-active 
agents in forming a removable sludge is 
discussed. A surface-active agent discovered 
recently, “Belloid FW,” which is a neutral 
salt of an inorganic sulfonic acid, causes 
particles in suspension in a boiler to repel 
each other and to remain suspended. This 
compd. is noncorrosive, nonvolatile, non- 
toxic, heat stable, and chemically inert, and 
does not cause foaming or priming. In the 
presence of this compd., calcium carbonate 
forms a thin layer of scale which is easily 
removed by blowdown or shutdown. “Bel- 
loid FW” may also be combined with an 
antiforming agent, hydrazine, ammonia or 
neutralizing amines to prevent corrosion, 
and deposits are prevented on its addition, 
in small amts., to river water or sewage.— 
WPA 


Pulp Press Water Return and Water Ad- 
dition in Continuous Diffusion. B. Drepen. 


Socker Handl. (Sweden), 14:97 (’58). 
Tests carried out on the tower diffuser at 
the beet sugar factory at Morbylanga, 
Sweden, have shown that a single water 
supply comprised of pulp press water and 
condensate did not give as good results as 
separate supplies of the 2 waters, the con- 
densate being added at the top of the tower 


and the pulp press water below the pulp 
discharge point. Each water supply should 
be brought to the required temp. and the pH 
value adjusted to between 5.5 and 6.0. The 
relations between dry solids in the pulp, pH 
value of the pulp press water, vol. of water 
recirculated, and sugar losses are discussed. 
The vol. of fresh water required is regu- 
lated by the quality of the cossettes and the 
concn. of sugar in the pulp. With good 
regulation, losses could be reduced by 0.1%. 
—WPA 


Recovery and Reuse of Boxboard Mill 
Effluent. G. N. Miner & R. J. KEATING. 
Can. Pulp & Paper, 11:9:38 (’58). The 
authors review the treatment of the waste 
waters at the Stony Brook, N.J., box- 
board mill of Whippany Paper Board Co., 
which had a production capacity of 350,000 
Ib/day. A_ solids-contact pilot plant was 
installed to study sedimentation and the 
results were used in the design of the final 
plant. Final plant includes an improved bar 
screen built in the existing white-water pit 
for removal of coarse solids, pieces of metal 
and other undesirable material, an elevated 
surge tank, a rotary sprinkler for dispersing 
foam and a_ sludge-contact sedimentation 
tank—_WPA 


Treatment of Waste Waters in the Paper 
Industry. P. Kienor. Papir a Celulosa 
(Czech.), 13:132 (’58). The principles of 
the treatment of paper mill waste waters by 
filtration, sedimentation, and flotation are 
reviewed briefly, and the relative advantages 
and disadvantages of the Joston system, 
patented in Czech., are discussed. This sys- 
tem combines sedimentation and filtration; 
the sedimentation tank is built underground, 
and white water directed into the tank flows 
by gravity, thus preventing aeration. Sedi- 
mentation is facilitated by the stream of 
water being directed tangentially to the sur- 
face of the tank, and the fine fibers, which 
settle very slowiy, serve as a filtration layer. 
—WPA 


Water for the Food Industry. H. J. 
Bourne. Tech. Eau (Brussels), 12:133:31 
(58). The author outlines the various 
methods for the phys. chem. and bacterio- 
logical purification of water and describes 
their application to the treatment of water 
supplies for specific food industries, includ- 
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Section of 150 miles of CLOW Bell-Tite 
Joint Cast Iron Pipe at Perini-Westward 
Development, West Palm Beach, Fla. 


Clow Cast iron Pipe Piants are located at 
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| CLOW Bell-Tite JOINT 
| CAST IRON PIPE 


You can install CLow Bell-Tite Joint Cast 
Iron Pipe as fast as you can dig a shallow 
trench. Photo shows the back hoe which 
clawed open the trench lowering a length 
of Clow pipe into it. 

Over 150 miles of Clow Bell-Tite Joint 
pipe are the life lines of the water and sew- 
age facilities for this Perini-Westward 
Development at West Palm Beach, Fla. 
Time-saving installation plus the econ- 
omy of material—no accessory buta single 
molded rubber gasket—are important fac- 
tors in this $4,000,000 waterworks proj- 
ect installation. One of the owners of this 
“City within a City” is Louis R. Perini, 
chairman of the board of the Milwaukee 
Braves and president of the Perini cor- 
poration. 

CLOW Bell-Tite Joint Cast Iron Pipe can 
speed your installations, too. Let us tell 
you about its many advantages. 


Clow Bell-Tite Joint Pipe saves time and money 
Assembly is easy and rapid. Just wipe the joint clean, lubricate 
and push spigot into the bell. When yellow stripe is no longer 
visible, joint is bottle tight. A single rubber gasket is the only 
accessory. There are no bolts, no nuts, no followers, 

no couplings, no extras. 


Patent No. 269813! 


JAMES B. CLOW «4 SONS, INC. 


201-299 North Taiman Avenue, Chicago 80, Illinois 


Subsidiaries: 
Eddy Vaive Company lowa Vaive Company 
Waterford, N.Y. Oskaloosa, iowa 


a There i limit to how f. I 
4 — ere is no limit to how fast you can lay 

i= 

Se 

a ~ 

= 
| 


CONDENSATION 


Vol. 52, No.9 


(Continued from page 66 P&R) 


ing preserves manufacture, breweries, prep- 
aration of beverages and fruit juices and 
ice production—WPA 


Nuclear Power Needs Pure Water. 
A. C. Murer. Chem. Eng. News, 37:51 
(’59). In a symposium on water technology 
for nuclear applications at the 135th National 
Meeting of the American Chemical Society 
he described the water-treatment system 
which will be employed at the nuclear power 
plant of Consolidated Edison at Indian Point, 
N.Y. There will be two principal treatment 
systems, one treating raw water from the 
Catskill and Croton watersheds and the 
other more complex system treating water 
within the primary loop. Raw water will 
be softened by cation exchange, decarbonated, 
evaporated, and demineralized by mixed- 
bed ion exchange. Cyclohexylamine and 
hydrazine will be added to reduce corrosion 
and remove oxygen. Treatment in the pri- 
mary cooling system will be to remove ma- 
terials picked up by corrosion and erosion. 
An excess of hydrogen will be maintained 
in the water to eliminate the high oxygen 
concentration. Radioactive contaminants will 
be removed by ion exchange, and if neces- 
sary by gas stripping to remove radioactive 
gases—_WPA 


Fuel Reprocessing Series—3. Treatment 
and Disposal of Fuel-Reprocessing Waste. 


J. A. WNucleonics, 16:82 (Feb. 
58). The ultimate disposal of nuclear wastes 
hinges on 2 major factors: (1) control must 
be maintained for hundreds of years; (2) 
permissible environmental concns. are ex- 
tremely low. Such wastes frequently con- 
tain enough ions other than fission products 
to limit vol. reduction by evapn. Estd. in- 
ventories for a relatively modest nuclear- 
power program, even after removal of Sr®, 
and Pu*™, would still require storage 
of the order of 10 yr. Tank storage is costly 
and of uncertain life, but will probably con- 
tinue to be necessary. Heat from radio- 
active decay introduces special problems but 
can render evapn. nearly cost-free, although 
control of entrainment and carryover in any 
evaporative procedure must be very high. 
Neutralization is used to reduce corrosion 
problems, but increases solids content. Pptn. 
procedures can be used to scavenge Cs™, 
Sr”, and Pu™ with substantial decontamina- 


tion factors. Ion exchange has been con- 
sidered, but radiation damage to the resins 
can be a problem. Crystallization proce- 
dures have been investigated and show some 
promise. To circumvent some of the limi- 
tations of tank storage, conversion to stable 
oxides or fixation in inert carriers has been 
tried. High temps. and/or fluxing agents 
yield solids showing substantial volume re- 
ductions over concd. aqueous wastes. Ra- 
dioactive particulate control is an important 
problem, as is decay heat. Fixation gen- 
erally involves ion exchange on clays fol- 
lowed by heating to fix activity. Decon- 
tamination is good, but volatility of some 
isotopes at high temps. is an important 
problem. Little beyond anal. consideration 
has been done towards ultimate disposal. 
Safe dispersal to the environment appears 
unlikely. It may be practical to dispose of 
wastes into specific formations, e.g., salt 
domes, synclinal basins, shale formations, 
or sandstones. Physical and chemical com- 
patibility between wastes and the formation 
and decay heat are major problems. Dis- 
posal in salt structures shows the greatest 
promise at the present time. The long-term 
implications of ocean disposal are unpre- 
dictable. The problems associated with py- 
rometallurgical and volatility process wastes 
differ in degree but not in kind. Present 
knowledge of these processes is not adequate 
to define the wastes from them. I™ is the 
most significant gaseous waste from all proc- 
esses, although krypton is important from 
a long-term standpoint. Highly contami- 
nated aerosols, particularly of alpha-active 
materials, result from chem. reprocessing, 
and require a high degree of filtration for 
adequate control—PHEA 


The Use of Exchange Resins in Super- 
critical-Pressure Power Stations and 
Boiling-Water Nuclear-Power Stations. 
L. Wirth. Bul. Centre Belge Etude et 
Document. Eaux (Liege), 96:341 (’58). At 
a meeting in Liege, 58, the author discussed 
high-rate ion-exchange treatment of water 
as required for condensate at nuclear and 
high-pressure power stations, with particu- 
lar reference to studies on the improvement 
of the phys. stability of ion-exchange resins 
for use at such high rates. The results 
obtained by Sisson in pilot plant tests on 
mixed-bed ion-exchange treatment of con- 
densate are included. New cationic and 
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MORE THAN 2,000 
PRESTRESSED 
CONCRETE 

WATER 

TANKS IN 

SERVICE 


In the develop of residential and in- 
dustrial water supply facilities today, no 
other type of tank offers so many advan- 
tages os does the Prestressed Concrete 
Tank. Modern in engineering and design, 
proven in service, lowest in cost... pre- 
stressed concrete should be considered in 
any tank planning. 


Check these advantages: 
Minimum maintenance 
® Satisfied owners 
B 75% of construction cost spent 
locally 
@ Lowest overall cost 
© Longest service life of any tank 


Send for Bulletin T-22 
CPRE| OAD THE PRELOAD COMPANY. INC. 
355 Lexington Ave. 


New York 17, N. Y. 


PRELOAD CONCRETE HERRICK IRON WORKS 
STRUCTURES INC. 28400 Clowiter Rood 
837 Old Country Rood ' 


Phone: EDgewood 3-4040 


Hayward, Calitorma 
Phone: Lucerne 1-445! 


PER 71 
Phone: WHitehol! 1.5707 4 4 
a s THE CANADA GUNITE COMPANY, LTD. 
Pointe Cloire, P.Q., Canada a 
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anionic exchange resins have been developed, 
having great physical stability and resistance 
to fracturing under severe operating condi- 
tions; they have been used in mixed-bed ion- 
exchange units giving very small loss of 
charge—_WPA 


Industrial Water Treatment. M. A. Hu- 
BERT. Bul. Centre Belge Etude et Docu- 
ment. Eaux (Liege), 99:72 (59). In a 
paper presented at a meeting of the com- 
mission for the study of reagents employed 
in water treatment, Centre Belge d'Etude et 
de Documentation des Eaux, at Brussels in 
Jun. '58, the author reviewed the general 
applications of ion exchange and discussed 
the application of the process to treatment of 
industrial water supplies for laundries, dis- 
tilleries, breweries, textile, chem. and phar- 
maceutical industries and for the manufac- 
ture of soft drinks, oil, margarine, preserves, 
jams and starch—WPA 


Mixed-Bed Ion-Exchange Treatment of 
Water for Washing Semiconductors. W. 
F. Lorscu. Bul. Centre Belge Etude et 
Document. Eaux (Liege), 96:338 (’58). At 
a meeting in Liege, ’58, the author empha- 
sized the importance of using pure water for 
washing the germanium and silicon com- 
ponents during the manufacture of semi- 
conductors (rectifiers, transistors, and photo- 
electric cells), and described the develop- 
ment of a mixed-bed ion-exchange method 
for demineralization of the water. The 
method finally chosen involved recirculation 
of the washing water through a mixed-bed 
ion-exchange column, the only fresh water 
added being that required to make up the 
losses due to evapn. and adherence to the 
components. The resistivity of the water 
leaving the ion-exchange column can be 
maintained at 16 10° ohm-cm. An ex- 
hausted ion-exchange column can be re- 
placed by a second column and taken for 
regeneration without interrupting the demin- 
eralization process. The semiconductors are 
washed first with water from an ordinary 
mixed-bed-ion-exchange unit, and _ finally 
with water from the recirculating system. 
—WPA 


POLLUTION CONTROL 


Synthetic Detergents and Water Supplies. 


C. Hammerton. Proc. Soc. Water Treat- 
ment Exam., 5:2:145 (’56). A study was 


(Continued on 


made of the amt. of surface-active materials 
present in several rivers in England and the 
effect of such contamination on water-puri- 
fication processes. Storage tests of river 
water over a period of 3 weeks reduced the 
concen. of surface-active materials 20-50% 
depending upon temp. conditions. After 6 
months, 50% still remained. A combination 
of storage and filtration through sand showed 
a redn. of 75%. Chem. coagulation resulted 
in no noticeable decrease. Activated C was 
effective but uneconomical to employ. Foam- 
ing was found to be the first indication of 
increased amts. of surface-active substances 
being present. No evidence was noted that 
the amts. of such materials indicated had 
any effect on water-purification processes. 
The biochem. decompn. of household deter- 
gents, including the recent surface-active 
compds., was examd. It was found that, in 
general, CHz groups are readily attacked; 
CH or secondary groups are less readily 
attacked. Tertiary C groups are not oxi- 
dized by bacteria. It was further observed 
that biochem. oxidn. depended almost en- 
tirely upon the mol. structure of the alkyl 
group in the mol. A theory was developed 
that it may be possible to split anionic sur- 
face-active compds. by bacterial action, sever- 
ing the hydrophilic from the lipophilic group, 
and thereby destroy surface-activity at once. 
Several chem. compds. were studied to sup- 
port this theory—CA 


Syndets in Water Supplies. J. M. Conen. 
Soap & Chem. Specialties, 35:53 (Sept. ’59). 
Synthetic detergents have almost completely 
replaced soap in the field of heavy-duty 
washing products and have given rise to 
problems in sewage and water treatment 
because of two basic reasons. Almost the 
entire industrial production of 3.8 billion 
pounds is discharged to a surface or ground 
water and ABS, the most common ingre- 
dient in synthetic detergents, is resistant to 
biological metabelism. This resistance has 
resulted in ABS residues in sewage effluents, 
river and ground waters and in drinking 
water. Phosphates, which frequently com- 
prise 40-50% of a synthetic detergent for- 
mulation, can interfere with water coagula- 
tion and provide additional material for 
growth of algae. Water treatment processes, 
including treatment with activated carbon, 
are largely ineffective in removing ABS, 
hence drinking water, obtained from an 
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Painter applies Torex Heavy with short-nap roller. Torex Heavy is a gray, rubber-base coat- 
ing, giving 2.0 mil thickness per coat, with a flat finish. Imparts no taste or odor to water. 


“STEE 
BRISTOL, CONN.’S FILTER PLANT 


painted with Inertol® to lick rust problem 


Solid protection and lower maintenance 
costs—these were the paint qualities that 
the Bristol Water Department sought 
for its 5 MGD filter plant. The Depart- 
ment chose Inertol Company’s Torex® 
Heavy for its durability and superior re- 
sistance to rust, chemicals and abrasion. 

After sandblasting to gray metal, the 
walls and floors of the coagulating and 
settling basins were immediately primed 
with Torex Rust-Penetrating Primer. 
Three coats of Torex Heavy were next 
applied. The basins were then ready for 
years of maintenance-free service. 

Mr. J. L. Bean, Managing Engineer of 
the Bristol Water Department is highly 
pleased with the performance and ap- 
pearance of Torex Heavy. Says Mr. Bean, 
“We just drained the north basin for 


inspection. Torex Heavy is doing an 
excellent job of rust prevention. We found 
the same good results in our inspection 
of the south basin.” 

Year after year consulting engineers, 
municipal authorities and maintenance 
men specify Inertol protective-decora- 
tive coatings. A paint best suited for your 
problem can be selected from Inertol 
Company’s complete line. 

Buy Inertol paints direct from manu- 
facturer. Shipment within three days 
from our plant or from warehouse stocks 
in your area. Write for specifications on 
Torex Heavy on your letterhead, giving 
your title. 

For our valuable maintenance paint- 
ing guide with a handy selector chart, 
ask for free folder W587. 


A complete line of quality coatings for water, sewage and industrial 
wastes plants and swimming pools. 


INERTOL CO., INC. 


484 Frelinghuysen Ave., Newark 12, N. J. * 27-G South Park, San Francisco 7, Calif. 
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ABS contaminated supply, will contain resi- 
dues of ABS. Suburban use of small lots 
for disposal of sewage and for well water 
supplies has resulted in increasing incidents 
of contamination of the drinking water sup- 
ply with ABS.—PHEA 


What the States Are Doing About Pollu- 
tion. R. S. SHaw. Wastes Eng., 30:682 
(Nov. ’59). Separate discussions are pre- 
sented by officials or directors of the state 
water pollution control agencies of the fol- 
lowing states: New Jersey, New Mexico, 
Ohio, Pennsylvania, Texas, Rhode Island, 
South Dakota, Tennessee, and Wyoming. 
Present programs and programs in the treat- 
ment of domestic and industrial wastes for 
the abatement of pollution in their respective 
states are discussed, together with future 
plans and objectives. Comments relating to 
policies and requirements governing types 
and degree of treatment, plant operation and 
supervision, and the methods of financing 
treatment plant construction and operation 
are presented. Developments in treatment 
methods and trends, utilization of plant ef- 


fluents, and the need for educating the public 
in order to enlist its support in financing 
abatement programs are pointed out—PHEA 


Contamination of Soil and Ground Water 
and Their Autodecontamination. G. 
Fiscuer. Egesssegtudomany (Hung.), 3: 
311 (’59). Soil and water investigations 
were carried out in loess, inundation-sedi- 
mentation soil, and sandy soil concerning 
autodecontamination and the spreading of 
contamination. Because of its mobility, the 
Cl ion proved esp. suitable as characteristic 
indicator of soil contamination. By using 
both meat ext. and soil ext. agar for the 
bacteriological investigation, a sep. counting 
of bacteria derived from human and from 
animal feces was possible. The excess load 
on the soil was indicated by a relatively 
larger increase in the ions of protein ammo- 
mium, ammonium, and nitrite. The cause for 
this proved to be a relative O deficiency, esp. 
in the bound soils. The autodecontamination 
in these soils involved adsorption processes ; in 
the loose soils chem. and biol. decompn. 
processes predominated. A well had to be 
protected by a protective area of at least a 
radius of 10 m., in order to prevent seepage 
from outhouses.—C A 


Risks to Rural Individual Water Sup- 
plies From Fecal Wastes. H. WILLINGER 
& A. Huepner. O6cesterr. Wasserwirtsch. 
(Vienna), 10:106 (’58). An investigation 
is described into the bacteriologic condition 
of individual water supplies in 8 rural areas 
in the Bucklige Welt and 6 villages of the 
Marchfeld in Austria. The types of supply 
included bucket, shaft, and tube wells and 
springs. The frequently unsatisfactory con- 
ditions of construction and protection of the 
plants and the MF method used for the 
determination of fecal coli are described. Of 
169 plants examined, only 36% produced a 
coli-free water and 64% indicated polln. by 
fecal material, evidence of which was also 
given by examination of local conditions. 
The best results were given by tube wells, 
of which 90% produced a coli-free water; 
risk to them existed only from the neigh- 
borhood of seepage pits and sewage, com- 
bined with a permeable soil and a high 
ground water level. 50% of the springs 
gave a satisfactory water; risk here lay in 
the lack of a protective area and unsatis- 
factory construction of the intake plant and 
piping. Shaft wells were greatly endan- 
gered by fecal pollution; only 15% of those 
in the Bucklige Welt and 29% in the March- 
feld were satisfactory; dangers lay mainly 
in the position of the wells and in poor 
construction. Water from bucket wells can 
be regarded as equivalent to a surface wa- 
ter. 2 brooks used to supply water for 
cattle were found unsatisfactory —WPA 


Bacteriologic Aspects of Sewage Puri- 
fication and River Pollution. P. Ketter. 
J. Hyg. (London), 57:4:410 (’57). Rapid 
industrial development in S. Africa has re- 
sulted in an increasing demand for water 
for all purposes. Consequently it has be- 
come urgent to consider the role of purified 
sewage and industrial effluents in the con- 
servation of water supplies. The exptl. work 
described at considerable length in this paper 
consisted in the bacteriologic study, by 
methods which are detailed, of the effect on 
bacterial pops. of: (1) conventional sewage 
treatment (biologic filtration, humus tank 
sedimentation, sand filtration, and activated- 
sludge treatment) and (2) further biologic 
purification by vegetation ponds or vieis 
(ponds with a dense growth of vegetation). 
algal beds, grass-plots, model rivers and 
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SPEAKING OF PUMPS! 


Specifying or buying pumps is a big respon- 
sibility. You must be sure the pump you select 
will operate efficiently, economically and depen- 
dably ‘‘around-the-clock”’ or in emergencies. 

C. H. Wheeler can help you! We make the type 
pump you need—-centrifugal, mixed or axial flow, 
both horizontal and vertical—in a wide range of 
capacities and heads. 

Also, we can assist you in designing your pump 
installation, whether it be for municipal or indus- 
trial water supply, sewage, drainage, irrigation, 
flood control, fire protection, heating, air condi- 
tioning, or steam power plant services. 

We've been designing and manufacturing 
quality pumps for almost three quarters of a cen- 
tury, so you know when you specify or buy 
C. H. Wheeler pumps, you can depend on them. 
Consult your local representative or write for 
more information. 


Cc. H. WHEELER MFG. CO. 


19th and Lehigh Avenue, Philadelphia 32, Pa. 
Centrifugal, Axial and Mixed Flow Pumps + Steam Condensers» Steam Jet Vacuum Equipment » Marine Auxiliary Machinery + Muclear Components 
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maturation ponds. Over a period of 4 yr 
more than 2,500 samples were analyzed and 
“more than 13,000 results are now available 
for presentation and discussion.” There are 
a no. of detailed tables of results and a long 
summary. Conventional sewage treatment 
up to the sand filter stage reduces the num- 
ber of Esch. coli by more than 99% but as 
between the humus tank effluent and the 
succeeding sand filter effluent the % reduc- 
tion is in general very much less than this 
and sand filter effluents were found to con- 
tain between 200 and 5,000 Esch. coli per 
ml. Of the new ways of treating sewage 
effluents for final discharge into streams 
artificial vleis were found to be far more 
efficient than sand filters and best of all 
were maturation ponds the effluents of which 
contained only between 1 and 10 organisms 
per ml. From the results of investigation 
of the newer methods, it appears feasible to 
consider the suitability of effectively purified 
sewage effluents as sources for raw-water 
supplies for industrial and domestic use.— 
BH 


Evaluation of the Ground Water Con- 
tamination Hazard From Underground 
Nuclear Explosions. G. H. Hicerns. J. 
Geophys. Research, 64:1509 (’59). Radio- 
activities in ground water collected at Ne- 
vada test site since the underground nuclear 
explosions in Operations Plumbbob and 
Hardtack Phase II have not been sig- 
nificantly above background, due to the for- 
mation of silica glass by the explosion, and 
the ion-exchange properties of fission prod- 
ucts in normal earth minerals and water. 
The glass formed by the high shock pres- 
sures releases less than 10% of its radio- 
activity when leached with water, and the 
rock minerals crushed by the explosive forces 
adsorb several 10’s of milliequivalents of 
fission products per 100 g. The distribu- 
tion coefficients for adsorption range from 
50 to 500,000, depending on the particular 
fission product and mineral. A theory per- 
taining to the flow of activity in an ion- 
exchange medium is developed, and equa- 
tions for application of lab. data to field 
expts. are included. Some of the available 
distribution coefficients are tabulated from 
the literature on waste disposal. It is con- 
cluded from existing information that haz- 
ards arising from underground explosions 
in other media will not give rise to serious 


contamination problems. Until more ex- 


perience is gained, measurements of aquifer 
properties should be made prior to planned 
explosions to determine that safe conditions 
exist in each particular case—PHEA 


Poisoning of Drinking Water by Sewage 
Containing Cyanide. W. Knapp «& L. 
Hammer. Arch. f. Hyg. u. Bakt. (Ger.), 
143:7:501 (’59). The increasing decen- 
tralization of industry in Ger. during and 
after World War II has led to the estab- 
lishment of old and new factories in small 
towns and country districts. A considerable 
number of metal and galvanizing works are 
thus in areas where their cyanide-containing 
wastes are a potential danger to the purity 
of the water supply. In most instances ade- 
quate precautions and treatment of the wastes 
have neutralized this danger. The present 
paper, however, contains a detailed account 
of the investigations and analyses which 
were carried out in 3 cases where fish were 
poisoned by high cyanide concentrations de- 
rived from industrial wastes. There is a 
full discussion of the causes of these occur- 
rences, and the inadequacy of present legal 
control with recommendations of the action 
which should be taken for their prevention. 
—BH 


FOREIGN WATER SUPPLIES 


The Problem of Water in Africa and the 
Management in the Sahara Regions. 
Sandy Oases. R. Tournier. Bul. Centre 
Belge Etude et Document. Eaux (Liege), 
41:219 (’58). The problem of improving 
the fresh-water resources of dry areas par- 
ticularly the sandy oases of the Sahara re- 
gion is discussed, including artificial meth- 
ods of producing fresh water; use of ground 
water; increasing the evaporation from the 
seas which supply the rainfall (Mediter- 
ranean Sea, Indian Ocean, Gulf of Aden, and 
Red Sea); cutting channels through moun- 
tain ranges; and the use of water from 
estuaries and ice from Greenland. The 
creation of ground water reservoirs in the 
sandy oases of the Ergs and the lowering of 
the sea level due to such operations are con- 
sidered. Land treatment of sewage from 
the oases would prevent or reduce losses of 
water. The redirection of river water is 
also discussed with particular reference to 
the Niger and the Congo and the linking of 
the Nile and the Chad to form a connection 
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This is the chlorinator you can be proud of. Its handsome modern appear- 
ance reflects the advanced technology of its working parts. It is the first 
chlorinator ever to offer a complete regulator system in a single stack. There 
is no frail piping. Not even traces of moisture can feed back from the ejector. 
Any vacuum interruption stops operation ... instantly closes the chlorine 
inlet valve. We believe it to be—inherently—the safest, most dependable, 
and most accurate chlorinator ever devised. It is also the most controllable. 
Automatic models accept any imaginable type of signal, use it to feed up 
to 2000 pounds per day of chlorine according to any control mode you may 
choose. Because of its advanced design, because of its corrosion-proof con- 
struction, we firmly believe that this is the chlorinator that will never— 


never--grow old. 


If you choose to buy one of these 

chlorinators sight unseen, on our say-so, 

we can deliver immediately from warehouse 
stocks across the country. If not, your 

local F& P field office will be happy to 
demonstrate the 3400 Series at your plant, 

at your convenience. Cail for an appointment. 
Or, write for complete information in 

Catalog 70C3400. Fischer & Porter Company, 
990 Fischer Road, Warminster, Pa. 


—) 
FISCHER & PORTER COMPANY 


INSTRUMENTATION AND CHLORINATION 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth: FISCHER & PORTER (CANADA) 
LTD., DOWNSVIEW, ONTARIO e FISCHER & PORTER LTD., WORKINGTON, CUMBERLAND, ENGLAND e FIS\ HER & PORTER G.m.bH., 
GROSSELLERSHAUSEN, BEI GOTTINGEN, GERMANY « FISCHER & PORTER N.V., KOMEETWEG 11, THE HAGUE, NETHERLANDS e FISCHER & 
PORTER Pty. LTD., 1457 MALVERN ROAD, TOORONGA, S.E. 6, VICTORIA, AUSTRALIA. 
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between the Red Sea and the Atlantic Ocean, 
with links to the Congo —WPA 


The Problem of Potable Water in Ethi- 
opia. M. A. Dunoux. Bul. Centre Belge 
Etude et Document. Eaux (Liege), 41 :227 
(’58). After a brief discussion of the prob- 
lem of water supplies in Ethiopia in relation 
to the physical characteristics of the country, 
the development of potable water supplies 
for the capital Addis Ababa and for the 
smaller towns (including Dire-Daoua, Naza- 
reth, and Harar) and rural communities is 
reviewed historically and the present situa- 
tion is described. Water for Addis Ababa 
is drawn from an impounding reservoir at 
Gafarsa on the river Petit Akaki and treated 
by coagulation and accelerated sedimentation, 
rapid sand filtration, and disinfection with 
gaseous chlorine. The treatment plant at 
Gafarsa has a capacity of 15,000 cu m/day, 
and the treated water is of good chem. qual- 
ity and bacteriologically sterile. It is pro- 
posed to increase the capacity of the plant 
to 35,000 cum/day, to build the necessary 
additional reservoirs and distribution facili- 
ties, and also to develop a sewerage scheme, 
on the separate system, and one or more 
sewage treatment plants using the activated- 
sludge process with digestion of sludge.— 
WPA 


The Problem of Water in French Somali- 
land. Txotomier. Bul. Centre Belge Etude 
et Document. Eaux, 41:225 (’58). The 
water supply system of Djibouti, Fr. Somali- 
land, is described. Water pumped from 
filtration galleries is treated by pressure 
filtration, coagulation with aluminium sul- 
fate, and disinfection with calcium hypo- 
chlorite and sodium carbonate, and pumped 
to 3 reservoirs, one of capacity 1,500 cu m, 
and the other two of 400 cum capacity each. 
The system supplies a pop. of 25,000 and 
the port (where 115,000 cum were supplied 
to ships in ’57). In the future it is planned 
to increase the water supplies from 5,000 to 
10,000 cum/day, and, by means of electro- 
dialysis, to reduce the chloride content to a 
level of about 1 g/l and the tot. mineral 
content to 4-5 g/l—WPA 


Water Supply and Water Management 
(Germany). H. Koester. Gas- & Wasser- 
fach. (Ger.), 99:829 (’58). An account, 
illustrated by maps and plans, is given of the 


problems, present conditions, and future aims 
in the field of water control and supply in 
the North Rhine-Westphalian industrial re- 
gion. The author describes the density and 
distribution of popn; water resources and 
the controlling authorities; water resources 
and conditions of supply in the various parts 
of the district with special reference to the 
construction and use of impounding reser- 
voirs and the development of ground water 
supplies; the treatment of sewage and waste 
waters, with special reference to problems 
of poln. of the Rhine; and future plans for 
water supply and sewage disposal, their 
costs, and methods of financing—WPA 


Problems of Development of Water Sup- 
ply in Hungary. J. Vaypa. Wasserbauliche 
Mitt. (Budapest), 1:5 (’58). The author 
discusses the increasing industrialization and 
growth of pop. in Hungary and the asso- 
ciated problems of water supply. The de- 
mand is mainly covered by ground water 
supplies, and to insure sufficient supplies in 
future charting of the quality and quantity 
of ground water is necessary. The prepara- 
tion of quality charts of surface water should 
be accelerated in order that their suitability 
for industrial and other purposes may be 
assessed. Future requirements in domestic 
supplies and the costs of the required plant 
are discussed—_WPA 


Condition of Water Supply in Hungary. 
I. Hotto. Wasserbauliche Mitt. (Budapest), 


1:8 (’58). At the end of ’55 about 25% of 
the 10,000,000 inhabitants of Hungary were 
supplied by public water works; supplies for 
about 42% were hygienically unsatisfactory. 
Demand varies between 30 and 130 liters per 
capita per day. Output of existing water 
works must be increased by 30% to meet 
the demand. 78% of supplies are taken 
from ground water, 11% from artesian wa- 
ter, 9% from karst water, and 2% from 
surface water. Surface water will have to 
be used more in the future and treatment 
must be improved. Villages are generally 
supplied by wells and many supplies are 
unsatisfactory PA 


Future Plan of Water Supplies in Poland. 
A. Tuszxo. Bul. Centre Belge Etude et 
Document. Eaux (Liege), 90:219 (’58). 
In a paper presented at the water confer- 
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WILL TUBERCULATION CLOG YOUR FILTER BOTTOMS? 
It can’t happen with Leopold Glazed Tile Blocks 


F. B. LEOPOLD co., INC. 
ZELIENOPLE, PA. 
Exclusive Canadian Representative: 
W. J. Westaway Co., Lid. 
Hamilton, Ontario 


Banish concern for tubercular growth 
when you install Leopold . . . the 50-year 
glazed tile filter bottoms. The smooth sur- 
face of Leopold blocks offers no toe-hold 
for growth that restricts filtration and 
wash distribution. Individual Leopold 
blocks can’t corrode or absorb water either, 
and they're acid and alkali resistant. Per- 
formance-proved in over 500 plants 
throughout the country, both for new and 
for rehabilitation projects, they require no 
supporting concrete structures and need 
only a shallow depth of small-sized filter 
gravel. Specify Leopold for long-term 
economy and minimum media mainte- 
nance. Write today for facts and figures. 


F. B. LEOPOLD CO., INC. 
Zelienople, Pa. 


( Please send literature on Leopold Glazed 
Tile Filter Bottoms. 


(] Please send literature on complete line 
of Leopold products. 


Name 


City. 
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ence of the Centre Belge d'Etude et de 
Documentation des Eaux, at Liege in ’58, the 
author deals first with the distribution of 
pop., industry, agriculture, and water re- 
sources in Poland, and the use of some of 
these sources of water, mainly rivers, for 
navigation, sport, fishing, the tourist indus- 
try, and recreation. In the second part of 
the paper, the water demand and water sup- 
plies of Poland are discussed. In some 
areas, notably river basins such as those of 
the Vistula and the Oder, supply exceeds 
demand, and industrial development has 
provided storage reservoirs and treatment 
plants, but in the areas between the rivers 
not supplied by them, and which are agri- 
cultural, in some years the lack of water 
is a serious problem, and means are being 
devised for transporting water from the 
rivers to these areas where it is most ur- 
gently needed. Watercourses, existing and 
planned reservoirs, and hydroelectric plants, 
are indicated on an accompanying map.— 


The Protection of ‘Water Sources and the 
Development of Water Supplies in the 
USSR. M. Kocan. Bul. Centre Belge 
Etude et Document. Eaux (Liege), 90:227 
(58). In a paper presented at the water 
conference of the Centre Belge d’Etude et 
de Documentation des Eaux, at Liege in 58, 
the author discusses the protection of ground 
and surface water resources in the USSR, 
particularly against the effects of the dis- 
charge of trade waste waters; the treatment 
of trade waste waters either at the original 
plant, or, if they contain organic matter, at 
sewage works, to prevent contamination of 
water supplies; the standards for potable 
water supplied with and without treatment ; 
and the history of the growth and develop- 
ment of water supplies in the USSR. Wa- 
ter treatment, as carried out in Russia, is 
described, with particular reference to the 
processes of sedimentation, filtration, and 
disinfection. The installation of a system of 
drains for sucking the water through the 
sand of filter beds has almost doubled the 


(Continued on page 82 P&R) 


R YOU NEED 
TO CLEAN 
FILTER 


BEDS? 


H & T AIR-WATER 
WASH FILTERS use only 
half as much water as 
ordinary systems. Yet 
the air and water, to- 
gether, clean the filter 
bed more completely! 


We are the ONLY large, experienced manufacturer of Air-Water Wash Filters. In 
the past 45 years, we've made hundreds of successful installations. Get the money- 
saving facts about H & T AIR-WATER WASH FILTERS. 


SEND FOR BULLETIN 23-B 
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IRON PIPE 


4 


For long years of dependable, trouble- 
free service specify APCO’s Cast Iron 
Pipe — quality controlled from raw 
materials to finished products. 


Sizes 3’ to 24” in modern long lengths 
— Bell and Spigot, Altite Joint® and 
Mechanical Joint. 


ALTITE JOINT® 
Protected by Patent 


Underwriters Approved 


ALABAMA PIPE COMPANY 


DIVISION OF WOODWARD IRON COMPANY 
General Offices—General Sales Office 
Anniston, Alabama 
SALES OFFICES 


122 South Michigan Ave., Chicago 3, Ill. 350 Fifth Ave., New York 1, N. Y. 


950 Dirks Building, Kansas City, Mo. 18505 W. Eight Mile Rd., Detroit 41, Mich. 
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normal rate of filtration, sedimentation is 
carried out in contact clarifiers, and disin- 
fection is often effected by means of ultra- 
violet rays. Sewage treatment by biological 
methods using a “biocoagulator,” or by aera- 
tion and sedimentation, research on the sof- 
tening and demineralization of water, and 
the removal of iron from water, the preven- 
tion of corrosion of water mains and pipes, 
fluoridation and defluoridation of water sup- 
plies, and hydraulic studies, are outlined 
briefly—W PA 


FEEDING, CONDITIONING, 
AND SEDIMENTATION 


Symposium on Handling and Feeding 
Chemicals to Water-Treating Equipment. 
T. P. Harptnc et At. Proc. 19th Ann. 
Wat. Conf., Engrs. Soc. West. Pa., p. 97 
(58). The properties of concentrated sul- 
furic acid are discussed in relation to the 
problems of safe handling, storage, and dilu- 
tion, which are involved in its use for re- 
generating cation-exchange resins. The pre- 
cautions to be taken in handling caustic soda, 
used for the regeneration of anion-exchange 
resins, are outlined; and 2 regeneration sys- 
tems, one automatic and one manually con- 
trolled, are described with the aid of flow 
diagrams. The polluting effect of waste 
waters from water treatment plants is dis- 
cussed, including the contribution of some 
individual treatment processes, namely sof- 
tening (by hot or cold lime or lime-soda 
processes), filtration, sedimentation, zeolite 
softening, and demineralization. Brief sug- 
gestions are made for treating the waste 
waters from each process. Advice is given 
on the preparation and handling of chemical 
solutions used in the clarification and soften- 
ing of water, including the conditions under 
which solns. are preferred to dry chemicals, 
the recommended concentrations of solns. of 
commonly used chemicals, the type and de- 
gree of mixing required, the time required 
for complete soln., the design and operation 
of soln-feeding equipment, and the point at 
which the chemical should be added. The 
importance of accurate, reliable methods for 
feeding chemicals is emphasized; and ex- 
amples are given of the feeding of lime 
slurries, liquid alum, insoluble coagulants, 
and polyelectrolytes. The conditions under 
which dry chemicals are more suitable than 
solutions for clarification and softening of 


water are outlined, and advice is given on 
the choice of feeding equipment. Both volu- 


metric and gravimetric feeders are discussed 
and shown in diagrams and photographs, 
and the operation and maintenance of the 
equipment are considered—WPA 


A Water Clarification Method With Sus- 
pended Sediments. I. I. Betyagv. Gig. 
San. (USSR), 4:7 (’59). An efficient study 
of water clarification with suspended sedi- 
ments made in ’57 at one of the water fil- 
tration plants in Gorky, proved to render a 
sufficiently high degree of purification. The 
best results were obtained during the period 
from Apr. to Oct. A decrease in the amt. 
of sediment in the incoming water and a 
fall in its temperature had an unfavorable 
effect on the degree of water purification. 
Sedimentation tanks with suspended filtrat- 
ing material may be used successfully at 
water plants provided with a 2-stage water 
treatment system.—PHEA 


Process for Clarifying Water. ANoN. 
J. Appl. Chem. (London), 8:ii-347 (’58). 
A method for the clarification of water is 
claimed. A flocculating agent, consisting of 
a vegetable or animal colloid and a poly- 
electrolyte, is added to the water to remove 
suspensions of colloidal particles. Colloids 
suitable for incorporation in the flocculating 
agent are gelatin, gum arabic, pectin, casein, 
alginates or cellulose derivatives. Suitable 
polyelectrolytes include sodium or ammo- 
nium polyacrylate or a copolymer, such as 
maleic anhydride-polyvinyl acetate or acrylic 
acid-ethyl acrylate-acrylonitrile. The method 
can be used for the treatment of clay sus- 
pensions and coal-washing waters—WPA 


The Continuous and Accurate Proportion- 
ing of Liquids Under Variable Flow Con- 
ditions With Particular Reference to a 
New Method. W. J. Wacker. Trans. 
Inst. Chem. Engrs., 37:9 (59). An illus- 
trated description and mathematical analysis 
are given of a system devised for dosing 
water with another liquid such as a salt 
solution, without using metering devices or 
other obstructions, and without interfering 
with the free flow of water. The system is 
based on a flotation tank method, the first 
arrangement consisting essentially of a drum 
containing the salt soln., floating in a larger 
drum containing the water supply. The 
small drum has a false bottom enclosing an 
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Assembling is easy, with 
Calmet! And the current 
gathering of the AWWA's 
Southwest Section is an 
excellent opportunity to get 
acquainted with Calmet’s 
simple, common sense 
construction . . . the kind of 
“take-it-apart, put-it-together 
in minutes” construction 
that has kept meter 
maintenance men and 
municipal officials on friendly 
terms with Calmet for 
more than thirty years! 
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air space. Both drums are open to the at- 
mosphere. The delivery of solution from 
the smaller tank and water from the larger 
one is controlled by valves which are cali- 
brated to provide accurate control over the 
dosage ratio. It is shown that, with this 
apparatus, variations can occur in the dosage 
ratio, but these variations are reduced in a 
second system in which the larger drum is 
closed and the smaller inner drum is sup- 
ported partly by flotation and partly by a 
spring. The modified equipment required for 
the proportionate mixing of 3 liquids is also 
described. It is shown mathematically that 
the spring system can be designed to give a 
constant proportioning ratio irrespective of 
the rate of flow of water or of the levels of 
water and soln. in the tanks-WPA 


LABORATORY METHODS 


Methods of Particle Size Analysis. F. 
Epetine. Bul. Centre Belge Etude et Docu- 
ment. Eaux (Liege), 101:139 (59). On the 


basis of results previously reported, the fol- 
lowing methods were adopted for particle 
size analysis in studies on water treatment. 
For granular particles (greater than 200), 
the wet-sieving method is used; fine pow- 
ders are analyzed by a sedimentation method 
using the Stairmand apparatus; and pow- 
ders containing particles of a wide range of 
sizes or mixtures of particles of different 
densities are examined by a microscopic 
method. Details of these methods are given, 
including the calculation of the results. In- 
vestigations are being made of the possi- 
bility of extending particle size analysis to 
flocs or coagulated material, without de- 
stroying or changing them.—l’PA 


The Inverted Microscope Method of Es- 
timating Algal Numbers and the Statisti- 
cal Basis of Estimations by Counting. 
J. Lunn; C. Krettnc; E. Cren. Hydro- 
biologia (Neth.), 11:143 (’58). Methods 
of estimating algal populations are com- 
pared, and a method of counting based on 
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AWAY 


National Tank Maintenance Corporation as 
a pioneer in the field of Annual Mainte- 
nance can show you how to save money 


1. Thorough inspection by qualified 
inspectors to determine structural, 
paint and rust conditions. 

. Submit recommendations for cor- 
rective measures. 


. Place your installation in first 
elass condition, complying with 
requirements of consulting engi- 
neers and state health authorities. 


. For nominal annual fee service 
your installation each year. 


5. Emergency service available at all 
times. 


6. Complete performance bond cover- 
age. 


WRITE—WIRE OR TELEPHONE 
NATIONAL TANK 
MAINTENANCE CORP. 


1617 Crocker St. 
Des Moines, Iowa 
CH 3-8694 
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AT ELEVEN PLANTS ACROSS THE COUNTRY, 
Jones receives tank cars of Chlorine, repackages it in cylin- 
ders and 1-ton tanks, makes quick deliveries to users in area. 


ONE convenient source for 
al! your chlorine needs 


Get chlorine products any way you want 
them, in any amount you need, from just 
one dependable source—Jones Chemicals. 

It eliminates hop-scotch buying of liquid 
chlorine, calcium hypochlorite, or sodium 
hypochlorite, and enables you to plan your 


needs and deliveries . . . avoid excess stor- 
across the U.S., stand ready eliver chlorine cyindors wegen 
drums. 3000 gol. lots. 


products when you need them. 

Get chlorine in any amount—from 16-lb. 
cylinders to 1-ton tanks. Jones packages 
high-purity chlorine in less than carload lots. 
You pick the size and type of container you 
need. 


Our trained technical staff will be glad 
to help you with your chlorine problems. 
Write for information and prices, or contact 
the Jones plant nearest you. 


John Wiley 
JONES CHEMICALS, INC. 


“A good name in chemicals” 
Beech Grove, Ind. Charlotte,N.C. Jacksonville, Fla. St. Petersburg, Fla. 
Caledonia, N. Y. Erie, Pa. North Miami, Fla. Torrance, Calif. 


Hudson, Wis. Wyandotte, Mich. Warwick, N. Y. 
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Pick Your Own Chlorine 
Product and Container 
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that of Utermoehl and using an inverted 
microscope is described in detail, including 
the design of the microscope and the sedi- 
mentation tubes, the sedimentation proce- 
dure, and the counting procedure. The 
method is not suitable for nannoplankton, 
for which the use of specially designed count- 
ing chambers is preferable. Results ob- 
tained using the microscope method were 
compared with those obtained using a hemo- 
cytometer, and a modified procedure is de- 
scribed for the use of this instrument with 
algae. The counting method is applicable 
to samples from any source, provided ran- 
dom distribution occurs, or can be easily 
produced, for example by shaking. The 


method of collecting the plankton samples 
using a rubber hose is described. Statistical 
methods are presented for determining the 
precision of single counts and testing for 
randomness; and the types and magnitude of 
possible errors are discussed—W PA 


Indigo-Carmine Method for the Colori- 
metric Determination of Low Concentra- 
tions of Dissolved Oxygen in Water. G. 
P. Atcock & K. B. Coates. Chem. & Ind., 
p. 554 (’58). Lab. and plant investigations 
of the indigo-carmine method for the colori- 
metric detn. of low concns. of dissolved oxy- 
gen in water are described. Lab. tests were 
made on both distilled water and boiler 
feedwater, and the results were compared 
with those obtained with a meter using a 
Hersch cell. It was found that the color 
standards obtained were sufficiently stable to 
make the method satisfactory for normal use. 
For plant tests, several modifications to the 
technique were made. A special glass reac- 
tion vessel was designed to enable color 
comparisons to be made easily and to avoid 
the necessity of carrying bulky color stand- 
ards, and the use of special indigo-carmine- 
glucose tablets facilitated quick prepn. of 
stock solns. of indigo-carmine. Sampling 
technique is described. Results were found 
to correspond closely with those obtained by 
the orthotolidine method, and it was con- 
cluded that the method was satisfactory, and 
that it should prove valuable for routine 
control work, as it is neat and quick. No 
work on possible interfering substances has 
yet been carried out, but the method gave 
satisfactory results with several typical 
boiler feedwaters. Tables of results, and a 
diagram of the reaction vessel, are included. 
—WPA 


Colorimetric Determination of Hydrogen 
Dissolved in Water. R. H. Ropinson «& 
D. B. Conxurn. Anal. Chem., 31:1598 (’59). 
A method has previously been suggested by 
Stahlberg and Isoniemi for the detn. of hydro- 
gen in water by adding an excess of alkaline 
permanganate and allowing the reduction of 
permanganate by molecular hydrogen to pro- 
ceed at air temp.; the absorbance of the 
reduction product is measured spectrophoto- 
metrically. This method has now been 
studied for the detn. of hydrogen dissolved 
in waters used to test nuclear reactor com- 
ponents. Detailed procedure is given. It 
was found that alkali appeared to have no 
significant function and that the reaction was 
most rapid if the sample was heated to 
75°C. The pH value was stabilized with a 
monesodium hydrogen phosphate buffer.— 
WPA 


Colorimetric Determination of Nitrates. 
J. M. Pappennacen. Anal. Chem., 30:282 
(’58). In a method for the detn. of nitrate, 
the nitrates are reduced by alkaline ferrous 
sulfate with silver sulfate as a catalyst, and 
the ammonia formed is separated by steam 
distillation and determined colorimetrically 
using a pyridine-pyrazolone reagent. Using 
a spectrophotometer with matched 1-cm cells, 
the procedure is satisfactory for samples 
containing 0.01 to 0.10 mg of nitrate nitro- 
gen. Nitrates are detd. as nitrate nitrogen 
from a calibration curve of mg of nitrate 
nitrogen plotted against absorbancy. If am- 
monia is present in the original sample it is 
removed by a cation-exchange resin such as 
Nalcite HCR; if nitrites are present, they 
are detd. on a separate portion of the sam- 
ple and their nitrogen equivalent is sub- 
tracted from the tot. nitrogen value found 
by the reduction method. Other ions which 
might interfere in the pyridine-pyrazolone 
method are removed by the steam distilla- 
tion. The results of analyses indicate that 
the method is suitable for detg. nitrates in 
river water and in sewage effluent, but not 
in crude sewage—WPA 


A New Procedure for Rapid Determina- 
tion of Nitrate and a Study of the Prep- 
aration of the Phenolsulfonic Acid Re- 
agent. K. R. Mippteton. J. Appl. Chem. 
(London), 8:505 (’58). A rapid method for 
the detn. of nitrate in dilute aqueous solns. 
is described. Different methods of preparing 
the phenolsulfonic acid reagent were com- 
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Austin ... capital city of Texas, famous for its 

beautiful capitol building and the University 

of Texas, it is equally noted for its 

cultural history. 

This key city relies on De Laval water works 

pumps to keep up with the ever-growing 

demands of its industry and people. 

In all major cities of the U.S., De Laval water 

works pumps have been providing the same 

remarkable service for over 50 years. 

Units ranging up to 100 million gallons per Write fur yaar denlia at 
day are available to meet all water works De Laval Bulletins 1004 


requirements, and 1005 giving data 
on these pumps. 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 


4 P&R 87 
i 
Do you know this city? 
4 

DE LAVAL te ks 
water works pumps 
maintain vital water r equir ements of. 

4 
> 
lt 

MG 


CONDENSATION 


Vol. 52,No.9 


(Continued from page 86 P&R) 


pared, and it is concluded that fuming sul- 
furic acid may be omitted, that considerable 
variations in the proportion of sulfuric acid 
to phenol are permissible, and that heating 
for more than 2 hr makes no significant 
change. Reproducible results are obtained 
when nitrate soln. is added to the phenol- 
sulfonic acid reagent, but not if the order 
of addition is reversed. It is concluded that 
phenoldisulfonic acid may be conveniently 
replaced by phenol-p-sulfonic acid, which is 
easier to preparc and which is sensitive to 
2.55 ppm nitrate nitrogen—WPA 


A Single-Solution Method for the Deter- 
mination of Soluble Phosphate in Sea 
Water. J. Murpuy «& J. Ruey. J. Mar. 
Biol. Ass. U.K., 37:9 (58). A mixture of 
sulfuric acid, ammonium molybdate, and as- 
corbic acid can be used as a single-soln. 
reagent for the detn. of phosphate in sea 
water. Development of the molybdenum- 
blue color is complete in 24 hr at room 
temp. and in 30 min at 60°C, and the color 
is stable for at least 3 days. Beer’s law is 
obeyed up to a concn. of at least 500 ug of 
phosphate-phosphorus per liter. The salt 
error is approximately 4% with sea water 
of chlorinity 19.3 per 1,000. The interference 
caused by arsenate and silicate is negligible 
at the conens. at which these ions occur in 
sea water —WPA 


On the Volumetric Estimation of Fluoride 
by Thorium Nitrate. D. Patnaix; I. B. 
MisHRA; & K. Tripatuy. Current Sci. 
(India), 28:328 (59). In the Willard and 
Winter volumetric method for the detn. of 
fluoride with thorium nitrate using alizarin 
red S as indicator, the adsorption of the 
red-colored complex on the thorium fluoride 
ppt. makes observation of the endpoint diffi- 
cult. A modification of the method is now 
suggested, involving filtration of the thorium 
fluoride ppt. before the endpoint is reached. 
For this method it is necessary either to 
know the approx. vol. of thorium nitrate 
soln. required or to carry out a prelim. 
rough titration until the red color appears. 
Detailed procedure is given—WPA 


Absorptiometric Determination of Alumi- 


num in Water. R. F. Pacxuam. Proc. 
Sec. Water Treatment Exam., 7 :2:102 (58). 
The hematoxylin, Alizarin Red S, AWWA 
aluminon, and Poole and Segrove aluminon 


methods of analysis were investigated to 
det. the most reliable one for the detn. of 
Al. Linearity of the relation between the 
absorption and concn., sensitivity, and sta- 
bility of the final coloration were the cri- 
teria of suitability. The hematoxylin method 
is unsatisfactory because sensitivity varies 
with Al concn. This method does give high 
sensitivity at low concn. The Alizarin Red 
S method is convenient, gives linear calibra- 
tion plots and stable solns., but only half the 
sensitivity of the P. and S. method. The 
AWWA aluminon method is unsatisfactory 
because of poor sensitivity. The P. and S. 
method was superior to all others for overall 
accuracy. Modifications are suggested, and 
the interference from common ions is re- 
viewed. A technique for removing fluoride 
interference is suggested—CA 


A Direct-Plating Method for the Precise 
Assay of Carbon-14 in Small Liquid Sam- 
ples. C. C. McCreap¥. Nature (London), 
181:1406 (’58). A direct plating method 
for the precise assay of carbon-14 in small 
liquid samples is described. 0.8 ml of the 
sample is pipeted into a planchet containing 
16 agar blocks, and the planchet is then 
heated in a saturated atm. to disperse the 
agar, thus immobilizing the liquid in a uni- 
form layer of dilute gel. The planchets are 
then exposed to a current of air under an 
infrared lamp and after about 1 hr the gel 
dries to a hard, stable, uniform film suitable 
for assay under an end-window counter. 
Less than 20% of the radiation from the 
carbon-14 in the agar film is lost by self- 
absorption. Limitations of the method are 
outlined PA 


A Direct-Plating Method for the Assay 
of Radioactive Isotopes in Aqueous and 
Alcoholic Samples. H. Camppett; H. 
GLASTONBURY; & M. Stevenson. Nature 
(London), 182:1100 (58). A modification 
of the McCready method (see preceding ab- 
stract) for the rapid detn. of radioactive 
isotopes in aqueous and alcoholic samples is 
described. 0.1 ml of a 0.1% aqueous soln. 
of agar is pipeted onto a planchet previously 
washed with carbon tetrachloride and an 
equal volume of the sample is added and 
mixed by stirring with a fine wire. The 
planchet is then placed on a hotplate at 
about 60°C and allowed to dry, forming a 
thin, invisible film. Using an end-window 
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Keeping pace with the ever-increasing 
demands for water to supply population 
growth and industrial expansion, is no 
easy job. 

But more and more cities are proving 
equal to the task by adopting newer, 
more economical and more scientific 
methods of water handling. And to sim- 
plify the complete cperation, they are 
installing Bailey Instrument and Con- 
trol Systems. Because Bailey can fur- 


nish complete control systems . . . made 
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34,000 reasons why 
St. Cloud depends on 


Bailey! 


WATER & WASTE TREATMENT DIVISION 


BAILEY METER COMPANY 


1024 IVANHOE ROAD « CLEVELAND 10, OHIO 
In Canada — Bailey Meter Company Limited, Montreal 


...Serving a population of 
34,000 Minnesotans requires up to 
9,000,000 gallons of water per day. Con- 
trolling and recording the operation of 
St. Cloud’s six filtering beds are six 
Bailey Filter Operating Consoles. This 
modern water treatment plant went 
into service in February, 1957. 


Engineers: Consoer, Townsend & Associates 
Mechanical : George A. Bass Construction Co. 


up ef standardized components . . . that 
not only do a better job, but can easily 
be expanded to meet future needs. 
Engineers, water superintendents and 
city officials themselves will tell you 
that Bailey telemetering and control 
systems are outstandingly reliable and 
economical, attractive, and easy to 
maintain. 

Ask your qualified Bailey Engineer to 
help you plan your water works expan- 
sion program. W-4.5 
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Geiger-Mueller tube type counter the ef- was without influence on the color obtained. 
ficiency was about 5%—WPA A reference curve with known silica solns., 
and distd. water as a control, showed that 


F : the method is suitable for concns. of 0.2 to 
Spectrophotometric Determination of 80 mg SiO./1, but it is most sensitive for 


Monomeric Silica and of Its Lower Poly- less than 40 mg SiO,/1l. Analysis of water 
mers in Natural Waters—I. The Silico- from the Fabio well of Lacco Ameno (a 
molybdic Complex. B. VisintIn & S. water contg. 22.468 g solids/l, of which 
MontertoLo. Rend. ist. Super Sanita 11.7894 g/l is chloride; the well is 80°, and 
(Rome), 22:773 (’59). The molybdate re- has a pH of 7.01) indicates a content of 
action for silica in water, as described in 164 mg SiO./l. Water aged for 7 months 
Standard Methods, was studied by means of showed hardly any change in this concn.; 
its absorption at 4000 A. The interference jt jis concluded that SiOz is present as 
of phosphates was suppressed by adding 10% ,SiO, and does not undergo polymeriza- 
aq. oxalic acid. While the contact time with tion on aging —WPA 

HCl was without effect on the color pro- 

duced, the molybdate reagent required 2-3 WELLS AND GROUND WATER 
min to reach its max., and no further color 

was produced in as much as 25 min. After New Experiences With Horizontal-Filter 
oxalic acid addn. the color began to weaken Wells and Galleries and Wells Constructed 
after 5 min; this led to the adoption of in the River Bed. J. Varca. Wasser- 
2-min contact time before making the read- bauliche Mitt. (Budapest), 1:21 (’58). De- 
ing. Reaction temps. of 17-24° slightly tails are given of experiences with a hori- 
affect the result (slightly less than 0.5 mg  =zontal-filter well group in the south part 
SiO2/1 found for each added degree). Light of Budapest, dealing with the yield and the 
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WITH OZARK-MAHONING 
SUBMERGED COMBUSTION UNITS 
e EFFICIENT e ECONOMICAL 
e NO CORROSION - SCALE TROUBLES 


OZARK-MAHONING  under- 

water burner recarbonators 

have been in active service 

for over twenty-five years 

generating CO, in the water 

at the point of use. A dif- 

fuser is integral with the 

burner so expensive diffuser 

grids are not necessary. Scal- 

ing and corrosion problems 

are virtually eliminated. It 

E is not necessary to drain the 

4 recarbonation basin for the 
which may be needed. Brick- 

AER lined fireboxes and handling 


of corrosive gases are elimi- 
nated. Efficiency remains high 
through long life. For more 


information write for bulletin. 


OZARK-MAHONING CO. 
310 W. SIXTH ST. © TULSA, OKLAHOMA 
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CAST IRON FIFE CO. Orlando 
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“SADDLES 
ARE FOR 
HORSES” 


... not American Cast Iron Pipe! 


Too often the first cost of the material is the 
only factor considered when deciding between 
cast iron pipe or a substitute. To give sole 
thought to the cheaper substitute piping is, in a 
sense, false economy because many times this 


lower initial cost is misleading and obscures 
added expenses which must be incurred later. 
Yes, the first cost may be cheaper. . . but cast 
iron pipe offers so much more. 

Consider tapping. For reliable, economical 
water service, the tapped main must meet four 
definite requirements: (1) Have strength to 
withstand tapping operation; (2) Be of an easily 
tapped material which will assure uniform 
threads; (3) Have strength after being tapped 
to withstand service conditions; (4) Have 
threads that will provide tight connections after 
exposure to service stresses. Cast iron pipe 
meets all of these tapping requirements. 

When tapping substitute piping, it is often 
necessary ...to employ skilled workmen with 
special equipment... to utilize tapping 

saddies ... to use extreme care in order to make 
a connection that does not leak. 

Remember... tapping saddles are an extra 
expense and are not necessary to make service 
connections to cast iron pipe. 


SALES OFFICES 


New York City + Dallas 
Chicago + Kansas City 
Minneapolis Denver 
Cleveland Pittsburgh 


+ Birmingham 
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influence on the filters and the ground water 
of the level of the Danube and the deposi- 
tion of oil and tar from waste waters on 
the bed of the Danube. The construction 
of horizontal-filter wells, the effect of wells 
on each other, and the advantages and dis- 
advantages of horizontal-filter wells in the 
river bed are discussed—WPA 


Yield-Depression Curves of Discharging 
Wells, With Particular Reference to Chalk 
Wells, and Their Relationship to Varia- 
tions in Transmissibility. J. Ineson. J. 
Inst. Water Engrs. (Gr.Br.), 13:119 (’59). 
The author discusses the development and 
interpretation of yield-depression curves, 
showing the relation between the drawdown 
of water level in a discharging well and the 
rate of abstraction. Observations are re- 
ported from discharging wells in various 
types of aquifer, and it is concluded that 2 
well defined groups of yield-depression 
curves can be differentiated, namely type 
and breakaway curves. In the development 


of ground-water resources for water supply, 
it is important to predict the yield charac- 


teristics of a well during production, and 
therefore to determine the category into 
which the yield-depression curve will fall; 
a method is suggested based upon a statisti- 
cal relation between values of transmissi- 
bility determined in the discharging well at 
nonsteady state and the position of the actual 
yield-depression curve within the family of 
type curves. The method is based on the 
analysis of data from chalk wells, but simi- 
lar methods of comparison may be possible 
for discharging wells in other aquifers — 
WPA 


The Movement of Ground Water as In- 
fluenced by Geological Factors, and Its 
Significance. J. Ineson. J. Inst. Water 
Engrs. (Gr.Br.), 13:49 (’59). The author 
reported an analysis of the movement of 
ground water, based on the individual com- 
ponents of Darcy’s law, with reference to 
aquifers in England, and discussed the fac- 
tors affecting the velocity of movement of 
ground water. Nonsteady and steady state 
flow around a discharging or recharging 
well was analyzed to determine the forma- 
tion constants of an aquifer, both real and 
apparent values being derived; and the in- 
terrelationship between the formation con- 
stants and their importance in hydrologic 


surveys were considered. Within defined 
statistical probability levels, the formation 
constants of an aquifer can be derived from 
an analysis of yield-depression curves. Par- 
ticular consideration was given to the move- 
ment of water in chalk aquifers, and its 
relation to the exploitation of ground water 
resources and the problems of overdevelop- 
ment. Progressive changes in the chemical 
characteristics of ground water have been 
established, under both natural and artificial 
conditions PA 


Evaluation of the Ground Water Sources 
From Territories Polluted With Radio- 
active Products From Uranium Fission. 
A. S. Beutitsku. Hyg. & Sanit. (Moscow), 
23:10:23 (’58). The author discusses the 
danger of contamination of ground water 
supplies with radioactive products from 
uranium fission. It has been found that 
ground water supplies remain uncontami- 
nated if the overlying strata are thick and 
consist of clay and sandy loam but where 
poln. does occur, the radioactive substance 
travels in the direction of the flow of water. 
An equation has been derived for detg. the 
extent of the poln. zone. Ground waters are 
the best protected water sources in respect 
to poln. by radioactive substances, provided 
there are no abandoned drill holes or quar- 
ries—_WPA 


Rates of Flow of Underground Water and 
the Choice of Tracers to Determine Them. 
T. Wa.pmeyer. J. Inst. Water Engrs. 
(Gr.Br.), 12:389 (’58). Owing to the rap- 
idly increasing demand for water, there is 
growing interest in schemes for recharge of 
ground water with surface water, purified 
sewage effluent, and other waste waters; in 
connection with these schemes further infor- 
mation is required on the movement of 
ground water. Work on the flow of water 
in formations of chalk, carboniferous and 
magnesian limestone, and sand and gravel is 
reviewed and indicates that the rate of 
travel of ground water varies from 0.04 
ft/hr in sand to about 750 ft/hr in highly 
fissured formations; rates of about 10 ft/hr 
are found for artificial recharge conditions 
in sand and gravel, and possibly for flows 
in normally fissured chalk or limestone. 
Work on the use of tracers is also reviewed. 
An account is given of hydrogeological in- 
vestigations carried out in connection with 
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Cyanamid Alum is quality con- 
trolled from start to finish to meet 
stringent specifications. Manufac- 
turing plants are strategically lo- 
cated for efficient service. 
SUPPLIED IN THE FORM YOU WANT: 
Liquid — for cleaner, easier, more 
economical operation. In tonk wa- 
gons and tank cars from 9 conven- 
ient shipping points. Conforms fully 
to AWWA standards. 


Dry — conforms fully to AWWA 
standards in ground, rice, lump or 
powdered grades. Bagged or bulk. 


WHY NOT CONVERT TO LIQUID? 
Your costs — end savings — can be 
determined quickly by a Cyanamid 
representative with years of con- 
version experience at your service. 
Just call Cyanamid for product or 
technical service of any kind. 


— CYANANMID 


AMERICAN CYANAMID COMPANY 


Process Chemicals Department, 30 Rockefeller Plaza, New York 20, N. Y. 
in Canada: Cyanamid of Canada Limited, Montreal and Toronto 
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an application from Aylesford paper mills to 
abstract a further 1.5 mgd of ground water, 
in addition to the 3.5 mgd already extracted 
from boreholes. The studies involved dig- 
ging a series of observation boreholes. The 
rate of flow of water between the various 
boreholes was determined by means of a 
tracer technique using lithium and potas- 
sium salts and detecting their arrival at the 
boreholes by a flame photometer. The rates 
of flow were found to range from 530 to 
3,360 ft/hr, which confirms the highly fis- 
sured nature of the Hythe beds where the 
boreholes are situated. Typical rates of flow 
between various points in the area are 
shown on a map and discussed in relation 
to the structure of the aquifer. The results 
indicate a very free flow of water in a wide 
area around the main boreholes and support 
the theory that water may be entering the 
area from the nontidal part of the river 
Medway; this would explain why the gen- 
eral water level has not fallen even though 
theoretical calcns. predicted nearly 10 yr ago 
that the tot. yield of the boreholes could not 
be maintained. It is hoped that a further 
supply of water will be obtainable from two 
24-in. boreholes which are now being 
drilled. As a result of these studies, potas- 
sium salts, particularly acetate, can be rec- 
ommended as tracers for similar work when 
used with a flame photometer for detecting 
traces of potassium in water—WPA 


CORROSION 


An Investigation of Chemical Variables 
Affecting the Formation of Films on Cop- 
per in Aqueous Solution. W. H. Daven- 
port; V. F. Nore; & W. D. Rosertson. 
J. Electrochem. Soc., 106:1005 (59). Elec- 
trometric measurements demonstrated that 
film growth on Cu in air-stirred chloride 
soln, is at a max. when concn. is 0.01M and 
pH is in the range 5.9-9.0. Only Cw0O is 
reported to be present until the pH is >10.5, 
when the rate of film growth again increases 
and CuO is said to be present. In equimolar 
soln. of NaCl and NasSO, the rate in chlo- 
ride is about double that in the sulfate, and 
in both cases it is limited by the availability 
of O—IM 


Corrosion of Aluminum Alloy in Glycol- 
Water Cooling Systems. N.S. Dempster. 
Corrosion, 15:395t (59). Mechanism of 
corrosion of the Al alloy 52S is discussed, 


and results are given of tests on 25 inhibitor 
solns. These coolant solns. contained from 
0.3-2 ppm of Cu in soln. Cu accelerated the 
corrosion of the alloy in glycol-distd. water 
solns. This corrosion was accelerated by 
using tap water contg. only 10-15 ppm chlo- 
ride. On the basis of lab. trials conducted 
on a cyclic temp. basis in ethylene glycol- 
distd. water mixtures, 2 inhibitive systems, 
based on (1) Na tetrasilicate plus NasB,O;, 
and (2) the same mixt. with the addn. of 
Na cinnamate, can be recommended for serv- 
ice trials —CA 


Selecting Corrosion and Scale Inhibitors 
for Cooling Water. H. Suretps; L. V. 
Sorc; & R. L. Stutz. Corrosion, 15:233t 
(59). Corrosion inhibitors for refinery 
cooling water were subjected to 4 phases of 
testing: bench-scale, pilot plant, small size 
com. cooling tower, and full plant scale. 
Only 3 of the inhibitors investigated in the 
past 9 years were given full-scale trial. Of 
these, only the chromate type proved satis- 
factory in all phases of testing. Org. chro- 
mates were found to be particularly effective 
for the river water used in the refinery con- 
cerned. Phosphates, while exhibiting fair 
corrosion protection, had the disability of 
depositing scale, even at low pH values. 
Tests were run for both C steel and Ad- 
miralty metal. Metal-penetration rate and 
scale deposition data are given for speci- 
mens used in bench and pilot-plant tests in 
the presence of phosphate and chromate in- 
hibitors—C A 


Scale Deposits and External Corrosion in 
Steam Generators. F. Mastrorazio. Riv. 
Combustibili (It.), 13:347 (59). Scale de- 
posits and external corrosion in oil-fined boil- 
ers are examd. as to their causes (such as 
fuel ash components, acting on high temp. 
areas, and S, which acts mainly on low temp. 
areas). Damage can be attenuated by special 
equipment designs, by using corrosion-resist- 
ant materials, by certain operation and main- 
tenance expedients, and by using fuel oil ad- 
ditives (such as fiquid amines or gaseous 
NHs).—CA 


Pitting of Aluminum in Synthetic Wa- 
ters. D. E. Davies. J. Appl. Chem. (Lon- 


don), 9:651 (’59). Factors affecting the 
corrosion of aluminum by water were in- 
vestigated by exposing test specimens to 
synthetic waters, prepared from distilled 
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Cuts Backwash Cleaning 
Time in Half... 


NEW 
AE NING 


SURFACE 
7 WASH BAFFLES 


A clean filter bed in half the backwash time 
—made possible by the increased velocity 
of backwash water in cleaning area above 
expanded sand. Flow of water is directed to 
wash troughs. Foreign matter put in sewer. 
If filter develops uneven flow or “sand- 
boils,” baffles deflect flow horizontally to- 
ward surface of sand in areas where vertical 
flow is restricted. Creates slight back pres- 
sure on filter above sand level, helping to 
equalize flow. Covers provide surface for 
precipitation of solids, reducing load on 
filter. Dirt can be washed off surfaces into 
wash troughs. 


Write For Catalog No. 5-2 
EQUIPMENT 
CORPORATION 


271 Hollenbeck St., Rochester 21, N.Y. 
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water by adding various proportions of cal- 
cium bicarbonate, sodium chloride, and cupric 
chloride. In the presence of only two of 
these compounds, the loss in weight of the 
specimens was small, but in the presence of 
all three compounds nodular pitting oc- 
curred. Corrosion increased with increases 
in the copper content of the water, and with 
a given concn. of copper ions reached a max. 
when the concn. of calcium ions was about 
50 ppm, irrespective of the concn. of chlo- 
ride ions in the range 10-50 ppm. Swansea 
tap water with added copper salt behaved in 
a similar manner to a synthetic water with 
the same concns. of chloride, copper, and 
calcium bicarbonate. Anodized aluminum 
was less prone to pitting than normal sam- 
ples especially if it had been sealed in boil- 
ing water after anodizing. The corrosion of 
normal samples, which are protected by an 
air-formed film of oxide, can also be reduced 
by sealing. A mechanism is proposed to 
explain the initiation and development of 
pitting -WPA 


Cathodic Protection in the Water Supply 
Industry. P. V. Parmer. Wir. & 
Eng., 63:409 (’59). In a paper presented at 
the 1959 annual general meeting of the So- 
ciety for Water Treatment and Examination, 
the author outlined the principles of cathodic 
protection and gave a brief survey of cathodic 
protection practice in the water supply in- 
dustry, discussing the use of galvanic anodes 
and impressed and canalized stray currents. 
—WPA 


The Development of Nonconsumable 
Anodes in Titanium-Platinum for Cathodic 
Protection. Wir. & Wtr. Eng., 63:314 
(59). Various applications of the platin- 
ized titanium electrode, including its use in 
electrolytic cells, cathodic protection of ma- 
rine structures, treatment of water by elec- 
trodialysis and in the production of sodium 
hypochlorite for sterilization purposes, are 
described and the advantages of this material 
over the conventional materials are discussed 
for each application—-WPA 


Design of Test Systems for Studying the 
Corrosion of Copper and Copper Alloys 
by Various Types of Water. M. Osrecut 
& L. Qumt. Proc. 19th Ann. Wat. Conf., 


Engrs. Soc. West. Pa., p. 33 ('58). After 
an illustrated description of the failures 


which occurred in copper and copper alloy 
water distribution systems at Michigan State 
University, where the water for the hot 
water system is treated with sodium zeolite, 
the authors describe long-term pilot plant 
expts. to investigate the reasons for the 
acclerated corrosion of copper and copper 
alloy tubing, and to determine the operating 
conditions and design factors necessary to 
prevent this corrosion. Results are given in 
tables and graphs. Although complete re- 
sults are not yet available, the studies have 
shown that with water softened by sodium 
zeolite, and containing oxygen and carbon 
dioxide, red brass is corroded more rapidly, 
but also.more uniformly, than copper; high 
temps. and high water velocities have ad- 
verse effects. Erosion-corrosion is more 
noticeable on copper than on red brass, espe- 
cially at high water velocities; using a tube 
with too small a diam. can result in veloci- 
ties sufficiently high to cause severe erosion- 
corrosion. Corrosion depends on a com- 
bination of the effects of temp., velocity, and 
water quality and not on one of these factors 
alone. The number and severity of failures 
in the Michigan State University distribu- 
tion system have been reduced by controlling 
the rate of flow, reducing the concns. of oxy- 
gen and carbon dioxide, improving and con- 
trolling regeneration in water softening, and 
maintaining a positive Langelier index by 
blending softened and unsoftened water and 
adding chemicals. The studies are being 
continued with other alloys and different 
types of water. In discussion, other exam- 
ples of the failure of copper and copper 
alloy water pipes were given, including pipes 
in the coolers of railway diesel engines; fur- 
ther deductions were made from the exptl. 
results regarding the factors affecting corro- 
sion; and further tests now being carried out 
were mentioned including studies on the 
effect of degasification or deaeration of the 
water—WPA 


Effect of Fluoride on Corrosion. J. A. 
McCartny. Sanitalk, 7:3:2 (’59). Expts. 
are reported to compare the corrosion of 
iron, copper, and lead when suspended in 
water, drawn from the public supply of 
North Andover, Mass., with or without the 
addition of fluoride, equivalent to about 1 
ppm fluorine. The results, which are tabu- 
lated, show definitely that the amount and 
rate of solution of all three metals were 


(Continued on page 98 P&R) 


; 
4 
: 


Sep. 1960 JOURNAL AWWA 


Fabricator Frank Says--- AORGAN NOW HAS SPINNING 
FACILITIES FOR UNDERGROUND WATER PIPE 


Morgan Steel Products, Inc., famous for 25 years for solving lar 
scale fabrication problems, has become equally well-known for 
specialized work in pipe construction. To meet the need of pro- 
tective coating for this work, Morgan installed the complex 
operation described below. 


The inner surface of all water pipes must have o 
tasteless, odorless and perpetual lining to con- 
form to sanitation codes. A specially prepared 
tar-base formula is evenly deposited inside as a 
railed carriage proceeds into the massive pipe, 
which is rapidly rotated. 


Note how centrifugal force has deposited an even 
coating, making a mirror-like finish. This gives the 
distinct advantage of maintaining the highest 
possible flow coefficient. The nature of the coal 
tar lining itself prevents tuberculation. 


Overlapping layers of heavy asbestos felt wrap- 
ping are firmly bonded to or imbedded in an 
enamel coating. This provides a shielding and 
reinforcing agent for the outside coating which 
has been previously applied. 


After coating, the entire interior and exterior sur- 
faces are inspected by an electrical flaw detector 
of approximately 8,000 to 10,000 volts at low 
amperage. The detector passes over the surface 
and reveals any defects or holidays which are 
then marked and repaired. 


The final process is application of whitewash 
which is applied only to the exterior surface to 
protect the enamel against hot sun exposure. 


FOR OUR FREE BROCHURE ON 
FABRICATING METHODS ... IT 
MAY SAVE YOU MONEY! 


CUSTOM STEEL FABRICATOR 


Working OOD AND LARGE SIZE PIPE... BINS... 
TAME SIROKESTACKS ... HOPPERS BREECHINGS 
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unaffected by the presence of the added 
fluoride. 


Anticorrosion and Anti-incrustation Treat- 
ments of Water—Economic Factors. T. 
SamueEL. Bul. Centre Belge Etude et Docu- 
ment. Eaux (Liege), 44:95 (’59). The au- 
thor discusses the effect of anticorrosion and 
antiincrustation treatments on the cost of 
boiler feedwater (for high- and low-pressure 
boilers), cooling water, and wash water. 
Special attention is given to water for high- 
pressure boilers, for which the only satis- 
factory method of treatment is distillation 
or demineralization followed by deaeration. 
The costs of treating water from the usual 
sources, such as rivers and lakes, are com- 
pared with those for treating sea water by 
various processes —WPA 


Water Treatment for Polymetallic Cool- 
ing Systems. E. H. Hurst. Prec. 19th 
Ann. Wat. Conf., Engrs. Soc. West. Pa., 
p. 17 (58). The use of more than one metal 
or alloy in a cooling system is discussed with 
reference to the severe corrosion which may 
be caused by galvanic action. Galvanic cor- 


rosion may result from the direct coupling 
of one metal with another, or from the cor- 
rosion of one metal, producing metallic ions 
which can then migrate through the system 


and set up individual galvanic cells. The 
control of galvanic cells by metallic or or- 
ganic coatings or by cathodic protection is 
not usually applicable to cooling water sys- 
tems, but corrosion inhibitors can be added 
to the water. The inhibitor or combination 
of inhibitors must be chosen according to 
the particular metals to be protected. A 
lab. procedure using corrosion test panels, 
coupled or uncoupled, is described for use 
in evaluating the ability of various inhibitors 
to control corrosion in polymetallic systems 
under simulated operating conditions. Re- 
sults of various tests are given in tables and 
photographs. In closed systems, a boron- 
nitrite inhibitor is particularly effective 
where copper, steel, and aluminium surfaces 
are present, and is not affected by the pres- 
ence of glycol antifreeze. Buffered-chromate 
inhibitors are satisfactory for closed systems 
incorporating cast iron, steel, copper, or 
copper alloy, but not when aluminium is 
present; a combination of chromate and ni- 
trate offers protection to all metals including 
the serious galvanic couple of copper and 


aluminium. In open recirculating systems 
or cooling towers these imhibitors do not 
give adequate protection at economic doses, 
but chromate-based or polyphosphate-based 
inhibitors can generally be used to protect 
ferrous metals and copper or copper alloys; 
aluminium-copper couples cannot be pro- 
tected economically, but a method using a 
combination of polyphosphate, citrate, and 
mercaptobenzothiazole has been used suc- 
cessfully to protect aluminium in the pres- 
ence of copper ions in the water. In dis- 
cussion, experiences are reported on the use 
of corrosion inhibitors at various industrial 
plants and research labs —WPA 


BACTERIOLOGY 


The Effects of Storage Upon the Counts 
of Coliform Organisms and Esch. coli in 
a Water From North Wales. H. Cores 
& N. Suwpson. Proc. Soc. Wtr. Treatment 
Exam.,7:173 (58). Expts. were made over 
a period of 3 yr on the effect of storage for 
1, 2, and 3 days on the tot. coliform and 
Esch. coli counts of water from a single 
source. The water supply at a creamery in 
North Wales was found to be suitable. The 
water is obtained from a mountain lake, and 
is chlorinated before passing through a 5-mi 
pipe to the sampling point; no residual chlo- 
rine was detected in any sample. It was 
found that after storage for 1 day, there 
frequently were changes in both tot. coli- 
form and Esch. coli counts, reductions in 
bacterial nos. being much more frequent 
than increases. The proportion of samples 
showing low counts increased with increase 
in storage period. With all periods of stor- 
age the greatest loss of coliform organisms 
occurred in samples of poor bacteriological 
quality, and there tended to be a greater loss 
of coliform organisms than of Esch. coli. 
The results confirm that samples of water 
for bacteriological examination should be 
examined as soon as possible after collection 
in order to obtain reliable results—WPA 


Coli-aerogenes Bacteria in Farm Water 
Supplies. S. Tuomas; P. Hopson; R. 
Druce. J. Appl. Bact., 22:32 (’59). In 
continuation of preliminary studies on Coli- 
aerogenes bacteria in farm water supplies a 
study was made of the incidence of different 
types of coli-aerogenes bacteria isolated at 
30° and at 37°C from 645 farm water ‘sup- 
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Installation: Armco Water Pipe 
Shutdown Time: minimum 


New steels are 
born at 


We 


A highway project required relocation of an existing water line in Ambridge, 
Pennsylvania. Because it can be installed easily and quickly, Armco Welded 
Steel Pipe was specified for the job. The line was laid in place from the center 
out, and the two end connections were installed last. By this method, water 
was shut off only a short time. (Incidentally, difficult trenching in the sandy 
soil necessitated the trench being twice as wide as usual.) 

Armco Welded Steel Pipe can solve your water line problems, too. Write us 
for information about your particular requirements, Armco Drainage & Metal 
Products, Inc., 4720 Curtis Street, Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


Subsidiary of ARMCO STEEL CORPORATION 

OTHER SUBSIDIARIES AND Divisions: Armco Division * Sheffield Division 
The National * The Armco International Corporation 
Union Wire Rope rporation 
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plies. Klebsiella constituted 50 per cent of 
the cultures isolated at 30°C, while Esch. 
coli was the dominant type in cultures iso- 
lated at 37°C. Coli-aerogenes organisms, 
mainly 37° negative strains of Citrobacter 
freundii I and K. cloacae, were found in wa- 
ters of good sanitary quality derived from 
protected springs and wells. In polluted 
water the dominant organism was Esch. coli, 
which formed at 43% of the isolates at 30°C 
and 76% of those at 37°C. Examination of 
a series of fortnightly samples from 11 sup- 
plies showed a marked seasonal variation in 
the incidence of different types isolated at 
30°C; Esch. coli formed a higher proportion 
in summer than in winter, while 37° nega- 
tive strains of Klebsiella and Citrobacter 
formed a higher proportion in winter than 
in summer—WPA 


Observations on the Isolation of Salmo- 
nellae From Selenite Broth. H. G. Smirn. 
J. Appl. Bact., 22:116 (’59). Studies on the 
effect of different carbohydrates in selenite 
broth on the growth of enterobacteria 
showed that while mannitol and lactose re- 
duced the growth of Coli-aerogenes bacteria 


considerably, mannitol improved the growth 


of Salmonella typhimurium. With mixed 
cultures of Citrobacter freundii I and Salm. 
typhimurium the presence of lactose, utiliza- 
ble by the former, adversely affected the 
viable count of the latter organism. Expts. 
with routine feces specimens showed that 
selenite broth was an efficient selective agent 
with MacConkey’s agar but much better re- 
sults were obtained when it was combined 
with deoxycholate-citrate agar. The addi- 
tion of gentian violet to selenite broth im- 
proved its selectivity for most Salmonella 
types when MacConkey’s agar was used for 
final isolation—W PA 


Pseudomonas fluorescens, a Soil and Water 
Bacterium—III. Identification of P. fuo- 
rescens Strains by Bacteriophages. K. 
Kuince. Arch. Mikrobiol. (Ger.), 34:270 
(’59). In view of the effect of Pseudomonas 
fluorescens, which produces an active agent 
lethal to ameba and other protozoa, on self- 
purification of seepage water, the author de- 
scribes expts. on the identification of P. 
fluorescens strains by bacteriophages. After 
enrichment of the P. fluorescens and P. 
putida strains in sewage, 32 bacteriophages 
were isolated. Several phages with mor- 


phologicaliy different phage holes could be 
cultured on one bacterial strain; these had 
not always a different lysis spectrum. None 
of the phages dissolved P. aeruginosa strains ; 
only 2 P. fluorescens phages dissolved P. 
putida strains; no P. putida phage dissolved 
P.. fluorescens strains. The results of phage 
titration and the lysis spectra are described. 
Subcultures of some P. fluorescens strains 
are compared as regards biochem. action, 
reciprocal restriction of growth, and phage 
sensitivity—W PA 


Inactivation of the Oxidation Capacity of 
Nitrobacter winogradskyi Buch. G. SEELER 
& H. Encer. Arch. Mikrobiol. (Ger.), 33: 
387 (’59). On exhaustion of the substrate, 
cells of Nitrobacter winogradskyi undergo 
increasing inactivation of their capacity to 
oxidize nitrite. The authors investigated 
possible methods of quantitative measure- 
ment of inactivation and found that the only 
possibility was direct microscopic counting 
of the cells. The membrane filter method 
used is described. An account is then given 
of expts. showing that resting cultures of 
Nitrobacter winogradskyi rapidly lose their 
power of oxidizing nitrite and that for com- 
plete restoration of this action the presence 
of carbon dioxide is also necessary—WPA 


The Effect of Bacteria on Radiophos- 
phorus Uptake of Fucus vesiculosus. W. D. 
Watt. Biol. Bul., Woods Hole, 117:421 
(59). A study was made of the exchange 
of radioactive phosphorus between Fucus 
vesiculosus and sea water. Under the con- 
ditions of the expts., which were carried 
out in darkness at 23°C, the turnover time 
was independent of biomass and volume of 
water. The amount of phosphorus (added 
as phosphate) in the water declined expo- 
nentially to an equilibrium value which re- 
mained constant for at least 60 hr, indicating 
that no measurable net uptake of phosphorus 
occurred during this period. The mean 
turnover time in freshly collected sea water 
was found to be 18.8 hr. When the anti- 
biotic tetracycline hydrochloride was added 
to the water, the mean turnover time became 
37.6 hr, and similar results were obtained 
with sea water which had been autoclaved 
or passed through a membrane filter. The 
increase in turnover time with the reduction 
in bacterial populations was accompanied by 
an increase in the radioactive phosphorus 
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DOUBLE) 
SEALING 


NG SEALS 


“O” Rings, due to their simplicity and re- 
liability have been used for many years in 
military and industrial products. Smith non- 
rising stem valves are available with double 
“O” Ring seals. The lower “O” Ring (1) 
seals the internal pressure, while the upper 
“O” Ring (2) is a combined external dirt 
and reserve pressure seal. This construction 
eliminates packing, gland adjustment, and 
conventional stuffing box. All Smith 
AWWA specification valves are equipped 
with stem (thrust) collar bushings (3) and 
extra large, high strength bronze stems (4). 
These and other well known Smith superior 
design features assure positive operation, 
long service life, and minimum maintenance. 


"J. THE A.P. SMITH MFG. CO. 


A 
EAST ORANGE, NEW JERSEY 
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accumulated in the algal tissues, suggesting 
that the aquatic bacteria take up the dis- 
solved inorganic phosphorus and release it 
again in some form, probably organic, which 
is not immediately available to the plant— 
WPA 


Uptake of Strontium by Syracosphaera car- 
terae. R. A. Lewtn. Biol. Bul., Woods 
Hole, 117:384 (’59). Coccolithophores fre- 
quently constitute the main component of 
marine phytoplankton, especially in warmer 
seas, and as their cells are covered with 
sculptured scales of calcium carbonate they 
are evidently one of the chief biological 
mechanisms for calcium deposition in nature. 
The degree of strontium incorporation by 
coccolithophores is therefore of practical im- 
portance in relation to the rate of entry of 
strontium-90 into the biosphere. Expts. were 
carried out with cultures of Syracosphaera 
carterae in synthetic sea water to which 
various concns. of strontium were added. 
After growth for 25 days, the cells were 
harvested by differential centrifugation, 
washed, dried, and examined by x-ray dif- 
fraction and flame photometry. In the ab- 
sence of strontium the cells consisted of pure 
calcite. In the presence of strontium, the 
concen. factor was approximately 0.02, indi- 
cating a high degree of discrimination against 
this element under the conditions of the 
expt. It is not known whether this selec- 
tivity is due entirely to chemical forces dur- 
ing crystallization of the calcite, or partly to 
biological specificity-W PA 


Removal of Coxsackie and Bacterial Vir- 
uses in Water by Flocculation. II. Re- 
moval of Coxsackie and Bacterial Viruses 
and the Native Bacteria in Raw Ohio 
River Water by Flocculation with Alu- 
minium Sulfate and Ferric Chloride. S. 
L. CuHanc et AL. Am. J. Public Health, 
48:2:159 (’58). In an earlier investigation 
a study was made of the relative efficiency 
of aluminium sulfate and ferric chloride for 
the removal of Coxsackie and bacterial vir- 
uses from water. In this investigation the 
effectiveness of flocculation procedure as 
practiced in water treatment was investigated 
for removing viruses and native bacteria 
from raw Ohio R. water. Detns. were also 
made of the critical contact time between 
microorganisms and coagulant in water and 
of the interference effect of gum-arabic on 
the removal of viruses and bacteria from 
water by means of flocculation. Coagulation 


consisted of a 2-stage process, Ist with 
aluminium sulfate, and in the 2nd stage the 
supernatant from the first was treated with 
ferric chloride and lime to produce a final 
pH in the range 7.3-8.4. Considerable re- 
moval of both virus and bacteria was 
achieved by the 2-stage coagulation process 
—over 99% ; removal of the Coxsackie virus 
was slightly higher in general than that of 
the bact. virus. The critical time for the 
formation of the coagulant-microorganism 
complex with practical doses of aluminium 
sulfate was a matter of only a few min. 
Gum-arabic, at a concn. of 20 ppm, com- 
pletely prevented floc formation with conse- 
quent failure to remove viruses and bacteria 
from Ohio R. water. As a result of the 
observations, suggestions are made for im- 
proving the efficiency of flocculation to re- 
move viruses as well as bacteria—BH 


Studies on the Role of Glycosides in the 
Identification and Differentiation of En- 
teric Bacteria. L. R. WorTHEN ET AL. 
Appl. Microbiol., 6:384 (’58). Expts. have 
shown that glycosides other than salicin may 
be used to differentiate between members of 
the Enterobacteriaceae. Methyl-a-D-gluco- 
side could be used to differentiate Esch. coli 
from Aer. aerogenes, and was also consist- 
ently fermented by Salmonella ser. florida. 
The behavior of Esch. coli and Aer. aero- 
genes on arbutin agar was also sufficiently 
different to suggest that this medium might 
be used as an adjuvant test for comparing 
these two cultures. All cultures of Shigella 
sonnei were capable of producing acid from 
arbutin. Both phenol red and bromcresol 
purple were satisfactory as pH indicators. 
The glycosides were found to be heat stable 
as used in these tests -WPA 


The 


Survival and Miultiplication of 
Typhoid, Paratyphoid and Dysenteric 


Bacteria in Water. N. R. DyapicHev. 
Hyg. & Sanit. (Moscow), 24:4:11 (’59). 
An exptl. study is reported on the survival 
and multiplication of typhoid, paratyphoid, 
and dysenteric bacteria in ordinary tap wa- 
ter and in similar water to which had been 
added various amts. of organic substances 
in the form of feces or nutrient broth. The 
results, which are tabulated and shown 
graphically, indicate that the most important 
factor inhibiting the growth of intestinal 
pathogenic bacteria in water is the lack of 
a sufficient concn. of organic substances 
suitable for bacterial nutrition—WPA 
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Newark’stwinsteel conduitsstill going strong 
after more than 60 years of service 


The photograph above was taken in 
1933, when construction of a highway 
required the relocation of a portion of 
Newark, New Jersey’s twin Pequannock 
aqueducts. Those 26-mile-long steel 
lines were old-timers even then—and 
they're still going strong today! 

Pequannock Number 1, 48 in. ID, 
went into service in 1892; its “twin” 
was completed in 1896, (In fact, nearly 
250,000 ft of large-diameter steel pipe 
were put into service before the turn of 
the century.) 

These venerable steel lines were 
cleaned and re-lined once since they 
were first installed, and their carrying 


capacity is ‘‘as good as new.” The City 
expects them to remain on the job for 
another thirty or forty years. 

From coast to coast, cities have re- 
ported forcy, fifty, or more years of 
excellent service from large-diameter 
steel mains. And with our vastly im- 
proved coating and lining materials, 
you can confidently expect even better 
performance from the steel pipe you 
install today. 

If you're planning a new main, you'd 
be wise to consider Bethlehem Tar- 
Enameled Steel Pipe. You can get full 
information from the Bethlehem sales 
office nearest you. 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


for Strength 
. .. Economy 
... Versatility 


Export Distributor: Bethlehem Steel Export Corporation 
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systematic study of management prin- 
ciples and techniques. 

The first of its type, devoted to the 
recognition of a water utility as a busi- 
ness enterprise which should be self- 
sustaining, the course this year will 
cover the basic fundamentals of man- 
agement, as well as elements of rate 
making, business speaking, labor rela- 
tions, and leadership training. 

Information is available from Hugh 
Davison, short-course supervisor, 116b 
Illini Hall, Champaign, Ill. The fee is 
$45, plus lodging and meals at $37.50. 


Robert W. Angus, professor emeri- 
tus of mechanical engineering, Uni- 
versity of Toronto, died Jun. 30, 1960, 
at Danville, Pa., where he was visiting 
a son. He was 86 years old. Follow- 
ing graduation from the University of 
Toronto in 1894, he spent several 


years in the US, before returning to 
the university in 1900 as a lecturer. 
He became professor of mechanical 
engineering in 1906. 

A member of AWWA since 1917, 


he was nominated for the Fuller 
Award in 1942 and received Honorary 
Membership in 1945. He was also an 
honorary member of the Engineering 
Institute of Canada, the Institute of 
Mechanical Engineers (Great Britain), 
and ASME. 


Robert T. Baldwin, former secre- 
tary of The Chlorine Institute, New 
York City, died Jul. 12, 1960, at Char- 
lottesville, Va., at the age of 78. He 
had served the organization as secre- 
tary from 1924 to 1959 and as treas- 
urer from 1928 to 1959. As a tribute 
to his service to the chlorine indus- 
try, he was appointed as the institute’s 
first and only honorary member in 
June 1959. He was a member of 
AWWA since 1924. 


S. Willard Jacobs, also prominent 
in The Chlorine Institute, died on Jul. 
2, 1960, in New York City, at the age 
of 73. He had been vice-president and 
later chairman of the board of the 
Niagara Alkali Co. until its merger 
in 1955 with Hooker Chemical Corp. 
He served the institute for many years, 
as vice-president (1929-32) and then 
as president (1933-48). A member 
of AWWA since 1919, he was a Life 
Member. 


Harold Shand, assistant general 
manager and assistant chief engineer, 
Greater Winnipeg (Man.) Water Dis- 
trict, died on May 14, 1960, in Winni- 
peg. He had worked for the district 
since 1916 and assumed his current 
position in 1950. He was an AWWA 
member since 1945. 


P. O. Box 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 
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condilies: water. boilers” 
INSET: Water conditioning units at Duke Power China, Riverbend Steam Station near 
Charlotte, N. C. AMBERLITE ion exchange resins deionize water for boiler make-up. 


At Duke Power Company’s 631,000- 
kilowatt Riverbend Steam Station, 
AMBERLITE ion exchange resins con- 
vert river water to high-quality 
boiler water with a remarkably low 
silica content and very high specific 
resistivity. 

Water from the Catawba River is 
filtered and then passed through a 
MONOBED deionizing unit contain- 
ing 2214 cubic feet of AMBERLITE 
200 cation exchange resin and an 
equal amount of AMBERLITE IRA- 
402 anion exchanger. Flow rate 
through the deionizing unit is 60 
gallons per minute. Resistivity of 
conditioned water ranges from 15 
million to 20 million ohm-cms. 
Silica content is reduced to 0.02 ppm. 


AMBERLITE 200 is a new polymer 
with physical and chemical stability 
unmatched by any available cation 


exchange resin. Its outstanding fea- 
tures are: high resistance to oxidation, 
especially in water containing chlo- 
rine, oxygen, iron, copper, or man- 
ganese; perfect bead form, no cracks 
or crazes; high attrition resistance; 
stability over the entire pH range; 
insolubility in all common solvents. 
Write for technical literature on 
AMBERLITE 200, AMBERLITE IRA- 
402, and other Rohm & Haas ion 
exchange resins. 


and MONOBED are trademarks, 
Reg. U. S. Pat, Off. and in principal foreign 
countries. 


Chemicals for Industry 
ROHM HAAS 
COMPANY 


THE RESINOUS PRODUCTS DIVISION 
Weshington Squore, Philadelphio 5, Pa. 
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DO YOUR 
Christmas 


Novelties 


ALL FEATURING A 
TWO-COLOR WILLING WATER 
ON THE RUN 


AW-1 Lapel Emblem 
(Screw back) 


AW-2 Pin Emblem. . 
(With Safety Catch) 


AW-3 Key Chain 
(With Spring Lock) 


AW-5 Zippo Lighter. . 
(Brush Finish) 


AW-8 Shortie Tie Clip 
(Rhodium Plated) 


AW-9 Money Clip.. 
(Rhodium Plated) 


AW-10 Cuff Links. . 
(Rhodium Plated Discs) 


AW-11 Earrings 
(Screw Type) 


AW-12 Knife-Money Clip 
(Rhodium Plated) 


Send Orders with Your Check 
or Money Order to: 


AMERICAN WATER WORKS 
ASSOCIATION 


2 Park Avenue New York 16, N.Y. 


EMPLOYMENT INFORMATION 


Classified ads will be accepted only for ‘Positions 
Available” or “Position Wanted.” Rate: $1.50 per 
line (minimum $5.00), payable before publication. 
Deadline for ad copy: first of month prior to month 
of publication desired. To place ad, obtain “Classified 
Ad Authorization Form’’ from: Classified Ad Dept., 
ournal American Water Works Assn., 2 Park Ave., 
ew York 16, N.Y. 


Positions Available 


WATER FIELD SUPERINTENDENT wanted. 
Man with five years’ experience as water and construc- 
tion foreman, to supervise and direct the installation, 
maintenance, repair, and replacement of elements of 
the water distribution system of the City of Beverly 
Hills, California. Please address all inquiries to: 
Personnel Office 
450 N. Crescent Drive 
Beverly Hills, California 


Ch 


24-mgd surface water softening plant 

Salary range: $441-$531 per month 

Starting salary depends on qualifications. 

Minimum requirement is college degree in chemistry, 
sanitary engineering, or related field or equivalent 
combination of experience and training. 

Apply to Personnel Director, City Hall, Cedar Rapids, 
owa. 


UTILITY PROPERTY ACCOUNTANT—City 
of Richmond, Virginia. $7,176-$8,580 annually. To 
assume responsibility for all property records including 
methods and procedures related to property records 
for city-owned utilities. To originate and su 

the maintenance of catalogues for plant and retire- 
ment units, and general supervision of distribution of 
property accounts. To review property depreciation 
to ascertain that adequate reserves are maintained. 
College graduation with specialization in accounting 
or business administration and five years of utility 
accounting experience, some of which must have been 
in property record accounting. CPA certificate ac- 
cepted in lieu of college graduation. Apply: Director 
of Personnel, Room 314, City Hall, Richmond 19, Va. 


SUPERINTENDENT OF UTILITY AC- 
COUNTING—City of Richmond, Virginia. $7,488— 
$8,970 annually. To assume responsibility for all ac- 
counting operations including financial reports, budget 
forecast, and field reporting for city-owned utilities. 
To conduct continual review of procedures, devising 
and installing improved procedures in conformity with 
FPC and NARUC Uniform System of Accounts. Col- 
lege graduation with specialization in accounting or 
business administration and six years of utility ac- 
counting experience, one year of which must have 
been at a supervisory level. CPA certificate accepted 
in lieu of college degree. Apply: Director of Person- 
nel, Room 314, City Hall, Richmond 19, Va. 
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Millipore announces 
a New Laboratory Manual for 
Bacteriological Water Analysis 


Particular emphasis is placed on manipulative 

details in the enumeration of coliform organisms. 
Specific techniques are included to isolate 

plankton algae and determine suspended solids. 


Plankton 


Pyrex Filter Holder 


Milliporerivrer CORPORATION 


Dept. AW, Bedford, Massachusetts 


Send me a free copy of the Millipore Manual for 
Bacteriological Water Analysis. 


Hydrosol Stainless Filter Holder 


Sep. 1960 

7 

> Total Monitor for Field Sampling - 
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ADVERTISERS’ PRODUCTS 


Vol. 52,No.9 


Index of Aduertisers’ Products 


Activated Car 
Industrial Chemical Sales Div. 
Permutit Co. 


Activated Silica Generators: 
B-I-F Industries, Inc. 
Wallace & Tiernan Inc. 


Aerators (Air Diffusers): 

American Well Works 

Carborundum Co. 

General Filter Co. 

Permutit Co. 

Walker Process Equipment, Inc. 

Alr Compressors: 

Allis-Chalmers Mfg. Co. 

Worthington Corp 

Alum (Sulfate of Alumina): 

American Cyanamid Co., 
Chemicals Dept. 

General Chemical Div., Allied 
Chemical Corp. 

Ammonia, Anhydrous: 

General Chemical Div., 
Chemical Corp. 

Jones Chemicals, Inc. 

Ammoniators: 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Co., Inc. 

Ammonium Slilicefiuoride: 

American Agricultural Chemical Co. 

Associations, Trade: 

Concrete Pressure Pipe 

ssn. 


Allied 


Cast Iron P' Research Assn. 

Steel Plate Fabricators Assn. 

Brass Goods; 

American Brass Co. 

Hays Mfg. Co. 

Mueller Co. 

Brine-Making Equipment: 

International Salt Co., Inc. 

Calcium Hypochlorite: 

Jones Chemicals, Inc. 

Olin Mathieson Chemical Corp. 

Carbon Dioxide Generators: 

Ozark-Mahoning Co. 

Walker Process Equipment, Inc. 

Cathodic Protection: 

Electro Rust-Proofing Corp. 

Cement Mortar Lining: 

Centriline Corp. 

Halliburton Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Chemical Feed Apparatus: 

B-I-F Industries, Inc.—Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

F. B. Leopold Co. 

Permutit Co. 

Precision Chemical Pump 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Chemists and Engineers: 

(See Professional Services) 

Chlorination ulpment: 

B-I-F Industries, Inc.—Builders 


B-I-F Industries, Inc.—Proportion- 


eers 
Fischer & Porter Co. 

Precision Chemical Pump Corp. 
Wallace & Tiernan Inc. 


Chlorine Comparators: 
Fischer & Porter Co. 
Klett Mig. Co. 

Wallace & Tiernan Irc. 


Chlorine, Liquid: 
Jones Chemicals, Inc. 
Olin Mathieson 
Wallace & Tiernan Inc. 


Clamps and Sleeves, Pipe: 
— B. Clow & Sons 
resser Mfg. Div. 
Mueller Co. 
A. P. Smith Mfg. Co. 
Trinity Valley Iron & Steel Co. 


Clamps, Bell Joint: 
James B. Clow & Sons 
Dresser Mfg. Div. 


Clamps, Pipe 
James B. Clow 
Dresser 
Trinity Valley i & Steel Co. 


Clarifiers: 

American Well Works 
Dorr-Oliver Inc. 
General Filter Co. 
Infilco Inc. 

Permutit Co. 


Walker Process Equipment, Inc 


for Public Water Fluoridation 


CHEMICAL COMPANY 
100 Church Street, New York 7, N. ¥. 


| 
| 
| 
: | 
| 
| 
(Powder) 
Sodium Fluoride-98% 
Meet AWWA specifications ae 
: White or tinted blue + Ory and free-flowing eg 
‘Minimum of storage space «+ Available in bags and drums ae 
Minimum of dust in handling 
THE AMERICAN AGRICULTURAL ee 
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the mighty ATLAS! 


The 40,000 integral parts of the 

world famous ICBM Atlas are monitored by 
Precise Power Supply Systems designed 

and manufactured by ME* The selection of ME* 
over competitive companies was made, not 

on price, but on the thorough and exacting technical 
proposal submitted by ME* “‘Injun-eers’’. 

Our pride in this project is natural. Of more 
importance to you should be the “rolled 
sleeves"’ attitude and enviable ‘‘know-how"’ 

with which we face each challenging problem. 


ghat’s ovr busing. 


Your next project should include 
Marathon Electric specifications. Let us 
prove what ME* Can Do... for you! 


This date and specification file on 
Marathon Electric Motors and Genero 
tors is now ovoilable for your ready 
eference use. May we mail you your 
free copy now? 


Home Office ond Factory 


Factories at Erie, Po. 


fectric ond Earlville, 


Offices in 
MANUFACTURING CORPORATION! Principo! Cities 


a 
Sep. 1960 
d 
2 
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Coagulant Aids: 

Hagan Chemicals & Controls, Inc. 
Nalco Chemical Co. 

Philadelphia Quartz Co. 


Condensers: 

Allis-Chalmers Mfg. Co. 

United States Pipe & Foundry Co. 

Worthington Corp. 

Contractors, Water Supply: 

Layne & Bowler, Inc. 

Controllers, Liquid Level, 
te of Flow: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Foxboro Co. 

General Filter Co. 

Simplex Valve & Meter Co. 


Copper Sheets: 
American Brass Co. 


Copper Sulfate: 
Tennessee Corp. 


Corrosion Control: 

Calgon Co. 

Nalco Chemical Co. 

Philadelphia Quartz Co. 

Southern Pipe Div. of U.S. 
tries 

Couplings, Flexible: 

Dresser Mfg. Div. 

Southern Pipe Div. of U.S. Indus- 
tries 

Covers, Vault: 

Ford Meter Box Co. 

Desalinization Plants: 

Emhart Mig. Co., Maxim Div. 


Diaphragms, Pump: 
Dorr-Oliver Inc. 


Engineers and Chemists: 
(See Professional Services) 


Evaporating Equipment: 
Emhart Mfg. Co., Maxim Div. 
Ozark-Mahoning Co. 
Excavating Equipment: 
Charles Machine Works, Inc. 


Feedwater Treatment: 

B-I-F Industries, Inc.—Proportion- 
eers 

Calgon Co. 

Hungerford & Terry, Inc. 

Nalco Chemical Co. 

Permutit Co. 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Anthracite Equipment Corp. 

Carborundum Co. 

General Filter Co. 

Johns-Manville 

Multi-Metal Wire 

Northern Gravel Co. 

Permutit Co. 

Stuart Corp. 

Filters, incl. Feedwater: 

B-I-F Industries, Inc.—Proportion- 
eers 

Dorr-Oliver Inc. 

Permutit Co. 

Roberts Filter Mfg. 

Ross Valve Mfg. 

Filtration Plant 
-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Omega 

Chain Belt Co. 

Filtration Corp. 


General Filter 

Golden-Anderson Valve Specialty 
Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 


Indus- 


oth Co., Inc. 
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F. B. Leopold Co. 

Multi-Metal Wire Cloth Co., Inc. 
Permutit Co. 

Roberts Filter Mfg. Co. 

Simplex Valve & Meter Co. 
Stuart Corp. 

Wallace & Tiernan Inc. 


Fittings, Pipe: 
Dresser Mfg. Div 

Hays Mig. Co. 

Mueller Co. 


Fittings, Tees, Ells, etc.: 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

M & H Valve & Fittings Co. 

Morgan Steel Products, Inc. 

Southern Pipe Div. of U.S. Indus- 
tries 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 


Flocculating Equipment: 
Chain Belt Co. 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

F. B. Leopold Co. 
Permutit 

Stuart Corp. 


Fluoride Chemicals: 

American Agricultural Chemical Co. 

General Chemical Div., Allied 
Chemical Corp. 

Olin Mathieson Chemical Corp. 

Ozark-Mahoning Co. 

Tennessee Corp. 


Fluoride Feeders: 

B-I-F Industries, Inc.—Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Co., Inc. 


Furnaces: 
Jos. G. Pollard Co., Inc. 


Gages, Liquid Level: 
Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 
Fischer & Porter Co. 

Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Gages, Loss of Head, Pressure 
of Vacuum, Rate of Flow, 
Sand Expansion: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Foxboro Co. 

Jos. G. Pollard Co., Inc. 

Simplex Valve & Meter Co. 

Wallace & Tiernan Inc. 

Gasholders: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Pittsburgh-Des Moines Steel Co. 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 

Gates, Shear and Sluice: 

Armco Drainage & Metal Products, 


Inc. 
ames B. Clow & Sons 
fueller Co. 
R. D. Wood Co. 
Gears, Speed Reducing: 
DeLaval Steam Turbine Co. 
Worthington Corp. 
Glass Standards—Colorimetric 
Analysis Equipment: 
Fischer & Porter Co. 
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Klett Mf 
Wallace fhe Tiernan Inc. 


Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Mueller Co. 

Southern Pipe Div. of U.S. Indus- 
tries 

Hydrants: 


ames B. Clow & Sons 


arling Valve & Mfg. Co. 
M. Greenberg’s Sons 
Kennedy Valve Mfg. Co. 
M & H Valve & Fittings Co. 
Mueller Co. 
A. P. Smith Mfg. Co. 
R. D. Wood Co. 


Hydrogen Ion Equipment: 
Photovolt Corp. 
Wallace & Tiernan Inc. 


Hypochlorite; see Calcium 
Hypochlorite; Sodium Hy- 
pochlorite 


Intake Screens 
Multi-Metal Wire ‘Cloth Co., Inc. 


lon Exchange Materials: 
General Filter Co. 
Hungerford & Terry, Inc. 
Nalco Chemical Co. 

Permutit Co. 

Roberts Filter Mfg. Co. 
Rohm & Haas Co. 


Iron, Pig: 
Woodward Iron Co. 


Iron Removal Plants: 
American Well Works 

General Filter Co. 

Hungerford & Terry, Inc. 
Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 


Jointing Materials: 
Johns-Manville Corp. 
Keasbey & Mattison Co. 
Leadite Co., Inc. 


Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Southern Pipe Div. of U.S. Indus- 
tries 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co 

R. D. Wood Co. 


Leak Detectors: 
Aqua Survey & Instrument Co. 
Jos. G. Pollard Co., Inc. 


Lime Slakers and Feeders: 

B-I-F Industries, Inc.—Omega 

Dorr-Oliver Inc. 

General Filter Co. 

Infilco Inc. 

Permutit Co. 

Wallace & Tiernan Inc. 

Locators, Pipe & Valve Box: 

Aqua Survey & Instrument Co. 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Magnetic Dipping Needles: 

Aqua Survey & Instrument Co. 

W. S. Darley & Co. 

Meter Boxes: 

Ford Meter Box Co. 

Rockwell Mfg. Co. 

Meter Couplings and Yokes: 

Badger Meter Mfg. Co. 

Dresser Mfg. Div. 

Ford Meter Box Co. 

Meter Div., Worthington 
‘orp. 
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Disc Type Water Meters 
Time Tested for High Accuracy 
and Dependability 


SIZe 


CONICAL DISC WATER METERS MODEL HD 


Hers ey- Sparling 
Meter Company 


HERSEY PRODUCTS 
CEOCHAM, MASSACHUSETTS 
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Hays Mfg. 

Hersey- Meter Co. 
Mueller Co. 

Neptune Meter Co. 
Rockwell Mfg. Co. 


and Record 


Mfg. Co. 


Meter Testers: 
Badger Meter Mfg. Co. 
Ford Meter Box 
Hersey-Sparling Meter Co. 
Neptune Meter Co. 
Rockwell Mfg. Co. 
Meters, Domestic: 
Badger Meter Mfg. Co. 
Buffalo Meter Co. 
Calmet Meter Div., 


Worthington 
Corp. 
Gamon Meter Div., 


Worthington 
Corp. 


Hersey-Sparling Meter Co. 

Neptune Meter Co. 

Rockwell Mig. Co. 

Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Fischer & Porter Co. 

Simplex Valve & Meter Co. 

Meters, Industrial, 
celal: 

Badger Meter Mfg. Co. 

Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 

Buffalo Meter Co. 

Calmet Meter Div., Worthington 
Corp. 

Fischer & Porter Co. 

Gamon Meter Div., Worthington 
Corp. 

Hersey-Sparling Meter Co. 

Neptune Meter Co. 

Rockwell Mfg. Co. 

Simplex Valve & Meter Co. 

Mixing Equipment: 

General Filter Co. 

F. B. Leopold Co. 

Motors, Electric: 

Allis-Chalmers Mfg. Co. 

Marathon Electric Mfg. 

Worthington Corp. 

Paints: 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Pipe, Asbestos-Cement: 

Corp. 
easbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast Iron (and Fittings): 

Alabama Pipe Co. 

American Cast Iron Pipe Co. 

James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co. 

R. D. Wood Co. 


Pipe, Cement Lined: 
American Cast Iron Pipe Co. 
ames B. Clow & Sons 
~ Pipe Div. of US. Indus- 


United Pipe & Foundry Co. 


Coneretes 
American Pipe & Construction Co. 


Lock Joint Pipe Co. 
Vulcan Materials Co. 
Pipe, Copper: 
American Brass 


Commer- 
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Pipe, Plastic: 

American Hard Rubber Co. 

Keasby & Mattison Co. 

Morgan Steel Products, Inc. 

Orangeburg Mfg. Co., Div. of The 
Flintkote Co. 


Pipe, Steel: 
Armco Drainage & Metal Products, 


Inc 
Bethichem Steel Co. 
Morgan Steel Products, Inc. 
Southern Pipe Div. of U.S. Indus- 
tries 


Pipe Cleaning Services: 
Centriline Corp. 
National Water Main Cleaning Co. 


Pipe Coatings and Linings: 

American Cast Iron Pipe Co. 

American Hard Rubber Co. 

Centriline Corp. 

Inertol Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 

Reilly Tar & Chemical Corp. 

Southern Pipe Div. of U.S. 
tries 


Pipe Cutters: 

James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Pilot Mfg. Co. 

Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg. Co. 


Pipe Jointing Materials; see 
Jointing Materials 

Pipe IL tors; see L tors, 
Pipe 

Plugs, Removable: 

James B. Clow & Sons 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg. Co. 


Potassium Permanganate: 
Carus Chemical Co. 


Pressure 
Allis-Chalmers Mfg. Co 
Golden-Anderson Valve Specialty Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
DeLaval Steam Turbine Co. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 
C. H. Wheeler Mfg. Co. 
Pumps, Chemical Feed: 
B-I-F Industries, Inc.—-Proportion 

eers 
Fischer & Porter Co. 
Precision Chemical Pump Corp. 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
American Well Works 
Fiese & Firstenberger 
Layne & Bowler, Inc. 
Peerless Pump Div. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 
Wallace & Tiernan Inc. 
Pumps, Hydrant: 
W. S. Darley & Co. 
Jos. G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Peerless Pump Div. 
Ross Valve Mfg. Co. 
Pumps, Sewage: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Peerless Pump Div. 

. H. Wheeler Mfg. Co. 


Indus- 
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Pumps, Sump: 

DeLaval Steam Turbine Co. 
Peerless Pump Div. 

C. H. Wheeler Mfg. Co. 


Pumps, Turbine: 
Fiese & Firstenberger 
Layne & Bowler, Inc. 
Peerless Pump Div. 


Recorders, Gas Density, CO, 
NHsz, ete.: 

Fischer & Porter Co. 

Permutit Co. 

Wallace & Tiernan Inc. 


Recording Instruments: 
Bailey Meter Co. 

B-I-F Industries, Inc.—Builders 
Fischer & Porter Co. 

Simplex Valve & Meter Co. 
Wallace & Tiernan Inc. 


Reservoirs, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 

Graver Tank & Mfg. Co. 

Pittsburgh-Des Moines Steel Co. 

Sand Expansion Gages; see 
Gages 


Sleeves: see Clamps 


Sleeves and Valves, Tapping: 
James B. Clow & Sons 

M & H Valve & Fittings Co. 
Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 


Sludge Blanket Equipment: 
General Filter 

Infilco Inc. 

Permutit Co. 


Sodium Aluminate: 
Nalco Chemical Co. 


Sodium Chloride: 
International Salt Co., Inc. 


Sodium Fluoride: 

American Agricultural Chemical Co. 

General Chemical Div., Allied 
Chemical Corp. 


Sedium H tap FY 
Calgon Co. 

Sodium Hypochlorite: 

Jones Chemicals, Inc. 

Wallace & Tiernan Inc. 


Sodium Silicate: 

General Chemical Div., 
Chemical Corp. 

Philadelphia Quartz Co. 


Sodium Silicofluoride: 

American Agricultural Chemical Co 

General Chemical Div., Allied 
Chemical Corp. 

Tennessee Corp. 


Softeners: 

Dorr-Oliver Inc. 

General Filter Co. 

Hungerford & Terry, Inc. 
Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 


Softening Chemicals and Com- 
pounds: 

Calgon Co. 

General Filter Co. 

International Salt Co., Inc. 

Nalco Chemical Co. 

Permutit Co. 

Tennessee Corp. 


Standpipes, Steel: 
Bethlehem Steel Co. 

Chicago Bridge Co. 
Graver Tank & Mfg. Co. 
Pittsburgh-Des Moines Stee! Co. 


Allied 
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PALM SPRINGS chose a STEEL TANK 


. . « the only type of water storage tank built to AWWA standards! 


Palm Springs, the California desert playground of movie stars and sun- 
worshippers, is a thirsty city. There are more gardens and swimming 
pools per capita than any other place in the world. Fortunately, the 
San Jacinto Mountains have an abundance of underground streams. A 
new 5,000,000 gallon steel reservoir, erected on the side of rugged 
Mt. San Jancinto provides the necessary storage and pressure for the 
vital water supply. 


~ 


... these are inherent qual- 
ities of welded steel construc- 
tion. Compare steel tanks with 


Evasrticity other types... you'll see why 
4 “steel tanks store water best.” 


Economy F You can always specify steel 
L 3 tanks with confidence. 
ONG LIFE 


More Than 10 out of 11 Water Storage Tanks Are 
Constructed of STEEL 


STEEL PLATE FABRICATORS ASSOCIATION 
105 West Madison Street « Chicago 2, Illinois 


> 
= 
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Steel Plate Construction: 
Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Morgan Steel Products, Inc. 
Pittsburgh-Des Moines Steel Co. 


Stops, Curb and Corporation: 
Ford Meter Box Co. 

Hays Mfg. Co. 

Mueller Co. 


Storage Tanks: see Tanks 


Strainers, Suction: 
James B. Clow & Sons 
R. D. Wood Co. 


Surface Wash Equipment: 
Golden-Anderson Valve Specialty 


Ca. 
Permutit Co. 


Swimming Pool Sterilization: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Omega 

B-I-F Industries, Inc.—Proportion- 
eers 

Fischer & Porter Co. 

Wallace & Tiernan Inc. 


Tank Painting and Repair: 
Koppers Co., Inc. 
National Tank Maintenance Corp. 


Tanks, Prestressed Concrete: 
Preload Co., Inc. 


Tanks, Steel: 

Bethlehem Steel Co. 

Chicago Bridge & Iron Co. 
Graver Tank & Mfg. Co. 
Morgan Steel Products, Inc. 
Pittsburgh-Des Moines Steel Co. 


Tapping-Drilling Machines: 
Hays Mig. Co. 

Mueller Co. 

A. P. Smith Mig. Co. 


Tapping Machines, Corp.: 

Hays Mfg. Co. 

Mueller Co. 

Taste and Odor Removal: 

B-I-F Industries, Inc.—Builders 

B-I-F Industries, Inc.—Proportion- 
eers 

General Filter Co. 

Industrial Chemical Sales Div. 

Permutit Co. 

Wallace & Tiernan Inc. 


Turbidimetric Apparatus (For 
Turbidity and Sulfate De 
terminations) : 

Wallace & Tiernan Inc. 


Turbines, Steam: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 


Valve Boxes: 

James B. Clow & Sons 

Ford Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rockwell Mfg. ag 

A. P. Smith Mfg. 

ron | Steel Co. 
. D. Wood C 


Machines: 
Mueller Co. 
A. P. Smith Mfg. Co. 


ADVERTISERS’ PRODUCTS 


Valves, Altitude: 

Mfg. Co., Hydraulic 
div. 

Golden-Anderson Valve Specialty Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

Mig. Co., Hydraulic 
div 


B-I-F Industries, Inc.—Builders 

James B. Clow & Sons 

DeZurik Corp. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Pratt Cc. 

Rockwell Mig. Co. 

R. D. Co. 


Valves, Detector Check: 
Hersey-Sparling Meter Co. 


Valves, Electrically Operated: 

Mig. Co., Hydraulic 
div. 

B-I-F Industries, Inc.—Builders 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Rockwell Mig. Co. 

A. P. Smith Mfg. Co. 


Valves, Float: 

James B. Clow & Sons 
Golden-Anderson Valve Specialty Co. 
Henry Pratt Co. 

Rockwell Mfg. Co. 

Ross Valve Mfg. Co., Inc. 


Valves, Gate: 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Hydraulically Oper- 

ated: 

Mfg. Co., Hydraulic 
div. 


B-I-F Industries, Inc.—Builders 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

F. B. Leopold Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Pratt Co. 

Rockwell Mfg. Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Valves, 


Vol. 52, No.9 


Valves, Large Diameter: 

Allis-Chalmers Mfg. Co., Hydraulic 
Div. 

James B. Clow & Sons 

Darling Valve & Mfg. Co. 

Golden-Anderson Valve Specialty Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Pelton Div., Baldwin-Lima-Hamil- 
ton 

Henry Pratt Co. 

Rockwell Mig. Co. 

A. P. Smith Mfg. Ce. 

R. D. Wood Co. 


Valves, Regulat' 

= -Chalmers Mig. 
div. 

DeZurik Corp. 

Golden-Anderson Valve Specialty Co 

Mueller Co. 

Henry Pratt Co. 

Rockwell Mig. Co. 

Ross Valve Mfg. Co. 


Valves, Swing Check: 

ames B. Clow & Sons 

arling Valve & Mfg. Co. 
Golden-Anderson Valve Specialty Co 
M & H Valve & Fittings Co. 
Mueller Co. 
Rockwell Mfg. Co. 
A, P. Smith Mfg. Co. 
R. D. Wood Co. 
Venturi Tubes: 
B-I-F Industries, Inc.—Builders 
Rockwell Mig. Co. 
Simplex Valve & Meter Co. 


Waterproofing: 

Inertel Co., Inc. 

Koppers Co., Inc. 

Plastics & Coal Chemicals Div., 
Allied Chemical Corp. 


Water Softening Plants; see 
Softeners 


Water Supply Contractors: 
Layne & Bowler, Inc. 


Water Testing Apparatus: 
LaMotte Chem. Products Co. 
Wallace & Tiernan Inc. 


Water Treatment Plants: 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Dorr- liver Inc. 

General Filter Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Well Drilling Contractors: 

Layne & Bowler, Inc. 

Well Reconditioning and 
Formation Testing: 

Halliburton Co. 

Layne & Bowler, Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 


Zeolite: see lon 
Materials 


Hydraulic 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1959 AWWA Directory. 
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LAYNE-the only complete 
water service organization 


INITIAL, SURVEYS, 
EXPLORATIONS, 
RECOMMENDATIONS 


PUMP DESIGN, COMPLETE 
"MANUFACTURE AND RESEARCH STAFF 


CHEMICAL, TREATMENT 
OF WATER WELLS 


In an age of specialization there is a definite advantage in doing 
business with a company offering a COMPLETE SERVICE. Only 
Layne, with over 75 years of experience and backed by Layne 
Research, can offer its customers this complete water service. 


LAYNE & BOWLER, INC., MEMPHIS 


G MME Offices and Factory « Memphis 8, Tenn. 
: LAYNE ASSOCIATE COMPANIES THROUGHOUT THE WORLD 


SELECTI SDI SAMPLING © DRILLING 
COMPLETE SERVICE 
WELL 
| 
MEANS UNDIVIDED RESPONSIBILITY 


= 


That’s why these “magnetic” meters are 
the easiest and most economical fo repair 


It’s a fact—the major expense 
in repairing meters comes from 
replacing or rebuilding parts 
that wear out or corrode while 
operating in water. 

There are only two “wet” 
operating parts in the Rock- 
well *SEALED REGISTER 
meters, both in the measuring 
chamber. These parts, the piston 
and piston roller, are the only 
ones that should ever require re- 
placement. All other moving 
parts, including the interme- 
diate, are hermetically sealed 
in the register casing. Since this 
sealed construction bars water, 
dirt and condensation, no 


*Trademark 


maintenance of the register unit 
is ever needed. 

With a powerful magnetic 
drive, effectively shielded to 
prevent cheating, there is no 
stuffing box to leak, bind, wear 
or require replacement. 

This simple construction 
means less friction and wear— 
meters that are much easier 
and more economical to repair. 
Write for catalog. Rockwell 
Manufacturing Company, 
Dept. 163J, Pittsburgh 8, Pa. 
In Canada: Rockwell Manu- 
facturing Company of 
Canada, Ltd., Box 420, 
Guelph, Ontario. 


BE SURE TO REGISTER AND VOTE! 


SEALED REGISTER METERS 


another fine product by 


ROCKWEL 


POWERFUL MAGNETIC DRIVE 


Illustrating how the driver magnet 
(shown in hand) revolves around a 
watertight compartment at the 
base of the register to push the 
follower magnet which in turn 
drives the register shaft. 


in water 
The-Piston and the Piston 
ae 
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15 DORRCLONE® SEPARATORS PROTECT 
PUMPING PLANTS FROM SAND IN WORLD’S 
LARGEST FLOODING OPERATION 


® California’s Wilmington Field water flood operation, built and owned by 
the Long Beach Harbor Department, is being systematically carried out, 
fault block by fault block. Purpose is to increase oil recoveries, and to check 
land subsidence in the field. 

At the heart of the system are completely automatic plants which take 
oxygen-free brine from nearby source wells, desand it, treat it and pump it 
into the oil bearing zones at 850-1250 psig. 

DorrClone separators are operating on 15 wells in the field — removing 
98% of all material with a specific gravity greater than 2.6. They keep mains 
and pumps sand-free for continuous operation at full capacity. 

Feed water enters the upper chamber of the DorrClone unit tangentially 
creating a vortex action. Resulting centrifugal force throws the sand parti- 
cles to the rubber coated walls of the cone where they pass downward to the 
underflow chamber. Sand-free water moves to the inner spiral of the vortex 
and is displaced upward and out into the mains. 

The photograph demonstrates the simplicity of the installation. Units 
can be designed to suit practically all well water systems. For full informa- 
tion, write Dorr-Oliver Incorporated, Stamford, Conn. 


=DORR-OLIVER 
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Directly supporting the industry’s advancement program 


Johns-Manville brings you an entirely 
new concept of evaluating your community's needs . . . 


New! 84-page book 


tells you how to get 


better water service for your community! 


Gives unique step-by-step method for water 
service evaluation and trouble-spotting. 


Uses case histories to show how improved 
water service can benefit your community. 


Tells how to make your community want — 
and approve — water system improvements. 


**PRICELESS WATER... it’s your business” 
is written expressly for water utility man- 
agers, engineers, public officials—all 
those business and community leaders 
who are alert to the basic contribution 
good water makes to the life and eco- 
nomic well-being of a community. 

The result of months of study, plan- 
ning and research—‘*PRICELESS WATER™ 
is edited in four sections: 

Section One, ‘‘How good water serv- 
ice benefits your community,’’ gives you 
needed ‘‘ammunition” to convince the 
most skeptical of the many advantages 
of good water service. It shows how im- 
proved water service affects property val- 
ues and insurance rates. How an efficient 
water system will attract business. How 
a poor system turns it away! This section 
tells how entire communities have bene- 
fited by water improvements. 

Section Two, ‘‘How to evaluate your 
water system,”’ is edited for water and 
town planning officials. It is a new, step- 


»--- JOHNS-MANVILLE —----- 


BOX 14, JA-9, NEW YORK 16, N. Y. 


* Please send me without 
obligation a copy of the 
new 84-page water 

te advancement brochure 
““PRICLLESS WATER . . . 


it’s your business.”’ | City 


Name 
Title 


by-step method 

for water service 

evaluation. It 

shows how 

you can 

quickly and 

easily evalu- 

ate the effi- 

ciency of 

everything from com- 

munity water supply, treatment and 
distribution to metering, staff facilities 
and operations. 


Section Three, ‘‘How to turn evalu- 
ation into improved water service,”’ tells 
when a preliminary engineering survey is 
needed. When and how to retain a con- 
sulting engineer. How to use his report to 
get action. Fiscal agents, and when and 
how to use them. Also contains a helpful 
explanation of various financing methods. 


Section Four, ‘‘Arousing the public 
to action,’’ is an easy-to-follow, success- 
proven handbook on public relations. It 
tellshowasoundly conceived PR program 
can sell your community on water service. 


In short, “PRICELESS WATER” is the 
hard-hitting tool you need to get your 
community the improved water p 
service it needs. Send the cou- 3 
pon for it now! Ul 


Address 


Zone State 
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